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Preface 


It  is  with  pleasure  that  we  make  available  copies  of  the 
Proceedings  of  tne  Fourth  Annual  Logistics  Conference.  We  hope  that  the 
four  annual  logistics  conferences,  beginning  with  a working  conference 
of  limited  attendance  in  1950,  have  served  the  purposes  of  stimulating 
fundamental  and  applied  research  in  the  field  of  logistics  and 
disseminating  useful  information  concerning  tne  role  of  logistics 
m military  planning  and  operations. 

Th£  Fourth  Annual  Logistics  Conference  contained  papers  of 
various  security  classifications.  For  the  expedition  of  the  distribution 
of  the  Proceedings,  and  for  the  convenience  of  the  recipients  of  copies 
thereof,  che  Proceedings  have  been  bound  and  distributed  in  four  parts. 

It  i3  hoped  that  this  procedure  will  enhance  the  value  of  the  Conference 
papers  to  the  users. 

We  express  our  sincere  appreciation  of  the  active  collaboration 
of  extremely  busy  people  in  making  the  Fourth  Annual  Logistics  Conference 
a succe33.  We  are  indebted  to  the  speakers  for  the  interesting  and 
important  talks  they  prepared  and  delivered.  We  thank  The  George 
Wasnington  University  and  the  Office  of  Naval  Research  for  their 
assistance  in  the  Conference  arrangements.  And  last,  but  in  no  sense 
least,  is  our  expression  of  thanks  to  all  those  who  attended  the 
Conference  and  whose  participation  made  it  worthwhile. 

E.  W.  Cannon 
Principal  Investigator 
Logistics  Research  Project 
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WELCOMING  REMARKS 
by 

The  General  Chairman,  Dr.  Mina  Rees 
Director,  Mathematical  Sciences  Division 
Office  of  Naval  Research 

This  is  the  Fourth  Annual  Logistics  Conference  sponsored  by 
the  Office  of  Naval  Research  and  The  George  Washington  University.  The 
first  of  these  conferences  was  planned  soon  after  ONR  began  its  partici- 
pation in  the  development  of  this  relatively  new  art  and  science  of 
logistics.  We  feel  that  one  of  the  special  needs  is  to  provide  for  the 
exchange  of  the  ideas  and  experiences  of  the  diverse  groups  engaged  in 
related  work.  It  is  in  this  way  that  scientific  progress  has  been 
achieved  across  the  ages  and  it  is  essential  that  the  ideas  that  are 
generated  in  one  group  be  subjected  to  the  criticism,  harsh  or  otherwise, 
of  other  groups.  Thus  they  will  be  shaped  into  a form  that  may  be  good 
and  useful.  Those  of  us  vho  are  engaged  on  the  civilian  front  in  work 
related  to  logistics  are  eager  that  those  of  you  who  have  large  military 
experience  should  bring  your  experience  and  judgment  and  criticism, 
adverse  or  favorable,  tc  play  upon  the  ideas  which  we  generate.  In  this 
particular  field  there  are  so  many  groups,  military  and  civilian,  working 
under  the  restriction  of  military  classification,  that  the  problem 
of  interchange  and  criticism  is  particularly  difficult.  It  is  in  this 
general  area  that  we  hope  this  conference  will  be  effective.  The  George 
Washington  University  Project  is  only  one  facet  of  the  ONR  program  in 
logistics.  This  program  is  concerned  both  with  short  range  and  with 
long  range  work  and  there  are  nary  other  aspects  of  the  program  besides 
those  which  are  represented  at  The  George  Washington  University.  It  is 
particularly  critical,  however,  to  secure  an  interchange  of  judgment 
and  criticism  in  the  area  of  the  short  range  program, and  it  is  in  this 
area  that  we  hope  to  make  progress  during  the  first  two  days  of  the 
conference.  The  obverse  of  the  picture  i3  this:  there  is  a need  for 

3ome  awareness  of  the  rather  long-haired  work  on  the  part  of  the  practi- 
cal workman.  This  is  so  partly  because  it  can  provide  the  research 
worker  with  an  orientation  in  the  selection  of  significant  and  fruitful 
directions  for  his  research;  partly  because  it  can  facilitate  the  trans- 
lation into  use  at  the  very  earliest  possible  time  of  any  useful  results 
which  come  out  of  the  research.  And  so  we  hope  that,  although  sane  of 
the  papers  on  the  last  two  days  may  sews  a little  remote,  mazy  of  you 
will  understand  and  participate  in  the  discussions.  It  may  be  worth 
noting  that  the  opening  speaker  of  the  so-called  "theoretical"  session 
will  be  Admiral  Hotter  who  can  hardly  be  accused  of  being  too  far 
removed  from  the  scene  of  operations.  The  first  two  days  are  devoted  to 
the  so-called  "practical"  session  and  deal  with  planning  problems  and 
techniques  and  with  logistics  data  processing.  1 am  sure  that  you  are 
all  aware  that  the  new  Logistics  Computer  has  just  been  delivered  and 
will  be  on  display  during  the  conference.  The  second  two  days  are  de- 
voted to  the  "theoretical"  session  and  the  topics  will  be  distribution 
control  and  the  theory  of  games.  Before  we  proceed  with  our  program,  I 
am  privileged  to  introduce  representatives  of  the  two  organizations  spon- 
soring this  conference  so  that  they  may  bring  you  greetings  from  their 
organizations.  Rear  Admiral  Bolster,  Chief  of  Naval  Research,  has  been 
associated  wLth  the  ONR  Logistics  Proglam  since  its  inception  and  has 
given  us  support  at  every  turn.  I am  particularly  happy  and  privileged 
to  present  Admiral  Bolster. 


WE  LOCKING  (SHARKS 
by 

Rear  Admiral  C.  M,  Bolster,  USN 
Chief  of  Naval  Research 


Ladles  and  Gentlemen: 

It  is  certainly  an  inspiration  to  all  of  us  to  see  such  a fine 
group  here  this  morning  and  particularly  to  note  that  there  is  such  a 
strong  representation  from  the  personnel  of  the  Amy,  Navy  and  Air  Force. 
As  Or.  Rees  has  told  you,  we  have  been  working  very  hard  for  a long  time 
on  this  general  problsn  of  logistics,  particularly  that  of  bringing  the 
maiy  contributions  of  mathematics  and  science  to  bear  in  order  to  arrive 
at  a more  effective  method  of  handling  such  problems.  We  have  spent 
mary  hours  both  on  the  theoretical  and  practical  side  of  this  problem, 
since  we  all  are  extremely  anxious  to  make  a real  contribution  to  the 
users  of  logistics  services. 

I want  to  welcome  all  of  you  and  to  thank  you  for  coming  here 
this  morning,  for  your  presence  will  help  greatly  in  making  this  Symposium 
a success.  It  is  through  the  efforts  of  you  people,  ~jlt  of  when  I know 
from  personal  knowledge  are  extremely  busy  with  other  tilings,  that  we 
achieve  the  understanding  and  progress  so  necessary  for  this  effort.  We 
appreciate  the  effort  bf  those  who  have  prepared  papers  which  will  be 
presented  here.  We  also  wish  to  express  our  thanks  to  those  who  have 
taken  the  time  to  prepare  formal  coranents.  For  example,  I hava  been 
working  with  Adniral  Leggett  on  a special  board,  and  I frankly  do  not  see 
how  he  has  had  time  to  prepare  his  paper.  On  the  other  hand,  I have  been 
told  that  it  is  going  to  be  a very  fine  paper  which  we  are  very  grateful 
to  have  him  present.  As  you  look  at  the  list  of  ppers  and  speakers  here 
today,  you  are  struck  by  the  wide  variety  of  expei  ^ence  and  background 
which  they  represent.  For  the  first  time,  I believe  we  will  be  getting 
a lot  of  the  flavor  of  real  operating  experience,  and  as  Dr.  Rees  has 
*aid,  the  thing  that  makes  such  a project  really  successful  is  to  be  sure 
that  it  reflects  the  true  needs  of  the  services  and  not  merely  some 
theoretical  problem. 

As  I said  earlier,  this  project  has  been  under  way  some  time, 
and  we  have  all  looked  forward  to  the  period  when  we  would  have  a com- 
puter available  with  which  we  could  test  seme  of  the  theories  being 
developed.  This  computer  is  here  in  Washington  now,  and  wc  are  eagerly 
anticipating  the  demonstrations  that  will  be  possible  on  it,  to  see  just 
how  it  will  really  solve  the  problems  when  you  feed  the  right  numbers 
into  it.  I,  personally,  have  gr.at  confidence  that  it  will  do  all  the 
things  claimed  for  it,  simply  because  of  my  belief  and  great  confidence 
in  the  people  doing  the  work.  Certainly,  we  couldn't  have  a finer  group 
of  people  than  those  who  have  been  working  on  this  project  and  on  the 
computer. 

I want  again  to  welcome  you  and  to  say  that  we  in  ONR  are 
extremely  proud  to  participate  in  this  joint  effort  with  you. 


V/ELCOMING  REMARKS 
by 

Dean  Martin  A.  Mason 
The  George  Washington  University 


Doctor  Rees,  ladies  and  gentlemen: 

One  of  the  pleasant  things  that  a Dean  has  to  do  is  frem  time 
to  time  to  bring  words  of  welcome  from  his  University  to  those  people 
whom  the  University  serves.  I was  particularly  hapuy  to  have  tliis 
opportunity  given  to  me  to  greet  you  people  and  make  you  welcome  so  far 
as  I can,  first  because  the  University  family  has  a deep  and  appreciative 
interest  in  the  problems  of  supply  or  logistics,  and  secondly  because  I 
have  had  in  my  professional  career  some  experience  with  logistics,  insofar 
as  it  applies  to  military  operations. 

I have  the  feeling  that  there  are  three  elements  which  charac- 
terize modem  logistics.  One  might  be  called  the  trappings  (those  things 
that  are  luxuries  in  combat),  and  one  night  be  called  impedimenta  (those 
things  someone  thinks  are  necessary);  and  the  last  is  that  body  of 
neceseary  things  vital  to  the  success  of  a military  operation.  A few 
months  ago  I had  occasion  to  talk  to  an  underwater  swimmer,  a member  of 
a Navy  underwater  demolition  team,  and  I asked  him  what  he  really  needed 
in  order  to  do  his  job.  It  did  not  take  him  long  to  figure  out  the 
answer,  and  he  did  not  take  nany  words  to  tell  me  the  answer.  He  just 
said,  "Air,  guts,  and  a gismo." 

Mow  this  probably  reduces  the  logistics  problem  to  its  simplest 
terms,  but  these  were  terms  which  I,  as  an  engineer,  could  understand.  It 
appeared  to  me  that  if  logistics  problems  could  be  solved  with  as  much 
simplicity  as  this  hardy  character  brought  to  his  problem,  perhaps  there 
would  not  be  quite  so  much  need  for  computers,  and  meney,  ana  the  large 
assembly  of  brains  and  talent  that  vc  have  here. 

So  I like  to  think  of  logistics  then,  in  terns  of  "air,  guts 
and  a gismo.'  I don't  know  all  that  you  are  concerned  with,  but  I am 
sure  that  you  are  going  to  put  the  problems  and  solutions  that  you  have 
to  work  with  in  much  more  elegant  l&nguago.  I doubt  if  they  can  be  any 
clearer  than  those  of  the  underwater  swirr.er. 

The  University,  as  I have  indicated,  is  hanpy,  of  course,  to 
participate  in  the  attack  on  the  difficult  problems  of  logistics.  At 
the  present  time  many  people  wonder  what  Universities  are  really  for, 
whether  they  are  havens  for  ConiminiavS,  or  a place  where  long-haired 
people  can  be  given  the  necessary  where-with-all  to  continue  to  have 
beans  and  bread  at  least  once  a week,  or  whether  they  really  do  develop 
new  knowledge  an’  try  to  disseminate  that  knowledge.  We  have  a strong 
feeling,  of  course,  in  our  University,  as  every  other  university  has, 
that  we  arc  trying  to  develop  in  knowledge,  and  to  disseminate  it.  The 
field  of  study  of  logistics  appears  to  us  to  offer  considerable  oppor- 
tunity for  the  development  of  new  knowledge.  Certainly,  all  of  you  people 
know  that  the  knowledge  that  exists  needs  t.o  be  di  sserainated  somewhat 
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better.  We  feel  this  is  truly  an  effort  in  which  a university  might 
well  cooperate. 

We  arc  pleased  indeed,  therefore,  for  this  opportunity  to 
Join  with  the  Office  of  Naval  Research  in  working  on  a relatively 
important  problem. 

Our  interest,  as  one  of  your  Joint  host3,  is  to  see  that  you 
are  comfortable,  and  that  you  feel  you  are  among  friends.  You  probably 
won’t  after  you  have  been  here  a few  days;  but  that  is  simply  the  atmos- 
phere in  Washington. 

VI'  are  grateful  to  the  General  Services  Administration  for 
making  available  to  us  this  more  comfortable  auditorium  than  the  austere 
classrooms  and  facilities  that  we  would  have  had  at  the  University. 

Let  me  state  again  the  pleasure  of  the  University  in  welcoming 
you  to  this  Conference,  and  our  great  appreciation  to  the  Office  of  Naval 
Research  for  asking  us  to  join  in  such  a conference. 


INTIXISJCTICH 


TO  THE  "PRACTICAL"  SESSIONS 


by 

Pear  Admiral  Henry  E.  Eceles,  MSN  Retired 

1*  The  major  problem  facing  the  United  States  today  is  that  of  main- 
taining our  National  Security  witnout  resorting  to  rapid  inflation*  In 
order  to  do  this  we  must  develop  strong,  adequately  suppor combat  forces, 
at  a minimtn  cost.  This  overall  problem  resolves  itself  Into  several 
related  lesser  problems: 

A.  The  selection  of  weapons  and  weapons  systems  most  suitable 
for  attaining  National  Security  and  our  National  Objectives. 

B.  The  determination  of  how  these  weapons  and  weapons  systems 
can  best  be  employed  to  attain  these  objectives. 

C.  The  manner  in  which  these  weapons  systems  should  be  organ- 
ised; that  is  to  say  the  command  relations  that  should  be  established 

in  the  Combat  Forces. 

l>.  The  determination  of  how  the  forces  employing  these  weapons 
can  be  rao3t  effectively  supported,: 

E.  The  determination  of  how  best  to  provide  for  the  overall 
command  and  departmental  administration  of  these  forces. 

2.  In  consider ing  these  problems  we  find  many  strong  differences  of 
opinion  and  certain  startling  paradoxes. 

A.  The  differences  of  opinion  largely  stem  from  differences 
in  basic  philosophy  of  war,  strategy,  and  the  employment  of  weapons  and 
forces.  However,  these  differences  are  greatly  aggravated  and  made 
urgent  t/  the  problem  of  the  Budget  - "The  Battle  for  the  Dollar",  «• 
which  is  a Logistics  Problem. 

B.  The  most  startling  paradox  is  found  In  the  fact  that  the 
slogan  of  "business  efficiency"  is  being  invoked  by  persons  advocating 
administrative  practices  which  are  contrary  to  the  trend  in  our  major 
businesses.  At  a time  when  some  authorities  are  emphasizing  the  evils 
of  overcentralization  in  Ooveranent  in  general,  and  when  others  consider 
that  many  of  our  military  deficiencies  stem  from  overcentralization, 
there  arise.-  a demand  for  still  greater  centralization.  All  the  while 
large  companies  are  tending  toward  decentralization  in  their  management. 

3.  The  differences  in  military  philosophy  we  should  accept  and  work  out 
in  our  traditional  manner  by  patient  study  and  education.  The  paradoxes 
and  contradietions  of  the  demand  for  more  centralization  stem  fVcre  a 
superficial  approach  to  the  problem  and  from  impatience. 

U«  The  size  of  any  enterprise  can  be  roughly  measured  by  the  number  of 
its  employees  and  its  gross  income.  In  1951  General  hotors.  General 
Electric,  American  Telephone  and  Telegraph  and  U.  S.  btsel  employed  a 
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total  of  about  1,630,000  persons,  Their  combined  gross  income  was  about 

$16,935,000,000. 

In  Fiscal  year  1953  the  U.  S.  Armed  Forces  were  composed  of  a 
total  of  about  L, 825,000  persons,  both  military  and  civilian,  and  they 
had  a budget  of  about  $1:8,600,000,000.  That  is  to  say  they  were  about 
three  times  the  size  of  the  lour  industrial  giants  combined.  In  fact 
the  Navy  alone,  with  its  1,500,000  personnel  and  $13,170,000,000  budget, 
is  about  the  same  size  as  this  hypothetical  industrial  combination. 

Now,  granted  that  statistics  can  be  very  misleading,  never- 
theless these  figures  do  give  us,  in  terms  of  well  known  industrial 
concerns,  the  order  ol  magnitude  of  tne  problem  of  military  management, 

5*  I presume  that  if  we  attempted  a corporate  consolidation  of  General 
Motors,  General  Electric,  American  Tel  and  Tel,  and  U.  S,  Steel,  and 
then  insisted  that  the  budget  for  1951:  be  submitted  by  each  division  of 
the  combined  co..;pany  before  its  budget  for  1953  had  been  established  by 
the  five  hundred  man  Board  of  Directors,  ther:?  might  be  some  areas  of 
imperfection,  arid  the  stockholders  might  become  impatient.  Some  might 
even  say  that  such  a corporation  is  unmanageable  in  a democracy. 

6.  And  yet  the  problem  of  creating,  employing,  and  supporting  our  combat 
forces  must  be  managed,  and  managed  with  efficiency.  The  application 

of  sound  principles  of  Logistics  and  of  Logistics  planning  enters  into 
every  one  of  the  problems  mentioned.  In  seme  instances  it  is  the  vital 
element.  And  yet  these  vital  principles  have  not  yet  been  adequately 
formulated,  let  alone  applied.  Therefore,  for  the  overall  problem  to 
be  solved,  there  must  be  patient,  continuing  study  and  research.  But 
first  the  problem  must  be  seen  in  its  whole  iimense  size;  and  the  rela- 
tionships that  exist  among  t^e  various  parts  of  the  problem  must  be 
understood. 

7.  The  logistics  aspects  arc  themelves  so  great  that  in  this  confer- 
ence we  can  consider  only  certain  portions.  Aftci  stating  several  of 
them,  we  will  discuss  certain  tools  that  we  hope  may  be  useful  in  their 
solution.  Gradually,  by  clear  statement,  and  by  patient  discussion, 
our  understanding  may  be  increased.  Much  of  what  will  be  said  during 
these  next  four  dgjrs  will  deal  with  new  ideas,  and  with  the  development 
of  theory.  This  is,  of  course,  the  purpose  of  our  meeting  and  our  only 
hope  for  continued  progress.  However,  these  ideas  must  be  based  on  an 
understanding  of  the  facts  of  life. 

8.  Because  of  our  great  preoccupation  with  what  happens  in  Washington, 
there  may  be  a tendency  to  forget  that  our  Logistical  Establishment  has, 
as  its  sole  purpose,  the  support  of  the  Combat  Commander.  We  can  make 
many  minor  mistakes  and  readily  absorb  them;  but  if  we  ever  forget  the 
point  of  view  of  command  in  the  field,  we  will  make  a major  mistake  that 
can  be  fatal. 
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9.  And  30  today  we  will  open  our  conference  by  a discussion  of  the 
problem  of  the  support  of  the  Naval  Aspects  of  the  Korean  fighting. 

From  19l»5  - 1950,  Vic6  Admiral  F.  C,  Denebrink  was  engaged  in  various 

logistical  tasks  in  the  Pacific  and  in  Washington.  From  1950  to 
Nov.  1952  as  Cornander  Service  Force  U.  3,  Pacific  Fleet  he  was  charged 
with  the  Logistic  support  of  all  Naval  Forces  in  the  Pacific  Ocean. 

He  is  now  Commander  of  the  hilitary  Sea  Transportation  Service.  With 
this  background  he  is  particularly  well  suited  to  discuss  "Fleet  Logistics1 
from  the  working  point  of  view— the  point  of  view  that  we  must  never 
forget.  I t'ke  great  pleasure  in  introducing  Vice  Ackairal  Francis  C. 
Denebrink,  U.  S.  Navy. 
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SURVEY  OF  MODERN  LtETH^DS  OF  DATA  PROCESSING 

by 

Dr,  E,  W.  Cuniion,  Principal  Irvostigator 
Logistics  Research  Project 

By  modern  methods  we  mean  the  application  of  the  auto- 
matic, electronic  digital  computing  devices  developed  dur- 
ing the  last  decade.  Data  processing  is  the  manipulation 
of  large  quantities  of  data  with  the  performance  of  a 
limited  amount  of  computing  on  each  item.  A survey  of  the 
use  of  the  new  computers  in  data  processing  is  quite  reveal- 
ing. The  main  result  is  the  uncovering  of  the  fact  that 
this  application  has  been  given  too  little  attention. 

Suppose  we  dwell  for  a while  on  the  development  of  the 
modern,  electronic  computer.  This  device  has  been  popular- 
ized far  beyond  its  capabilities.  It  has  been  widely 
heralded  as  a giant,  automatic  brain  which  will  readily 
provide  the  answers  to  the  knottiest  problems  in  all  fields 
of  human  endeavor.  In  truth,  it  is  merely  an  extremely 
fa3t  computing  device,  capable  of  doing  the  elementary  opera- 
tions of  arithmetic  thousands  of  times  faster  than  the 
human  beings  who  direct  it.  It  will  function  properly,  more- 
over, only  in  response  to  minutely  detailed  sequences  of 
commands  prepared  for  specific  problems  by  the  human 
operator . 

The  electronic  computer  is  another  step  in  the  evolu- 
tion of  fast,  mechanized  computers,  a concept  which  cer- 
tainly did  not  originate  with  this  generation.  We  are  all 
acquainted  with  punched-card  computing  equipment,  and  its 
far-reaching  application  in  accounting.  This  kind  of  digital 
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computing  equipment  has  also  been  used  for  seme  years 
in  so-called  scientific  computing  (or  general  purpose  use), 
for  solving  problems  in  the  fields  of  engineering,  physics, 
chemistry,  and  the  social  sciences.  Punched  card  equipment 
v/ as  invented  about  fifty  years  ago  by  Hollerith,  then  work- 
ing at  the  Bureau  of  Census* 

Tho  idea  of  developing  cemputors  to  solve  problems  auto- 
matically in  the  fields  of  pure  and  applied  mathematics  is 
much  older,  however,  trur.  Ho-*. ievit' > mac ninery.  At  least 

as  early  as  1830,  more  than  120  years  ago,  Charles  Babbage, 
an  English  mathematician,  was  struggling  unsuccessfully  to 
obtain  satisfactory  performance  on  a Government  contract  for 
the  construction  of  his  Difference  Engine,  Work  on  the 
. lfferer.ee  Engine  was  carried  on  for  many  years,  but  ths  de- 
vice was  never  fully  completed.  A comment  of  Babbage,  who 
had  demonstrated  the  principles  of  his  device  by  a small  model 
was  prophetic;  to  quote  "But  when  I understood  it  to  be  the 
wish  of  the  Government  that  a larger  engine  should  be  con- 
structed, a very  serious  question  presented  itself  for  con- 
sideration, namely:  Is  the  present  state  of  the  art  of  mak- 

ing machinery  sufficiently  advanced  to  enable  me  to  execute 
the  multiplied  and  highly  complicated  movements  required  for 
the  Difference  Engine?" 

In  1834,  Babbage  liad  a brighter  vision,  the  Analytical 
Machine,  a device  to  do  not  only  everything  which  the  Difference 
TT.ngl  no  promised,  but  also  to  execute  every  kind  of  analytical 
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operation  Indicated  by  formulas.  Again,  however,  the  in- 
ventor's ideas  were  too  demanding  of  the  tooling  Industry 
of  his  day,  and  his  Government  support  was  withdrawn  long 
before  the  completion  of  the  machine. 

It  is  important  to  note  (l)  that  the  designs  of 
Babbage  were  sound;  (2)  that  in  his  day  the  capability  of 
industry  to  construct  mechanical  devices  was  severely  limited  , 
and  (3)  that  there  was  no  electric  circuit  theory  in  his 
time.  In  fact,  Faraday  was  only  then  performing  his  funda- 
mental experiments  on  the  induction  of  electric  currents  by 
motion  of  a conductor  through  a magnetic  field  --  the  experi- 
ments which  were  the  forerunners  of  the  invention  of  the 
electric  generator. 

We  mentioned  the  birth  of  punched  card  computing 
machinery.  The  next  significant  step  in  the  evolution  of 
digital  computers  came  much  later,  in  19^0,  with  the  com- 
pletion of  the  Boll  Telephone  Laboratories’  Complex  Computer. 
In  1936.  the  use  0*  telephone  relays  and  teletype  apparatus 
for  numerical  computation  had  been  suggested  by  Dr.  George 
Stlbltz,  then  a research  mathematician  with  the  labora- 
tories. The  resulting  computer  was  operated  from  a keyboard 
to  add,  subtract,  multiply  and  divide  complex  numbers,  both 
the  original  numbers  and  the  results  being  printed  on  a 
teletype  printer. 

The  Complex  Computer  was  demonstrated,  by  remote  con- 
trol, at  a meeting  of  the  American  Mathematical  Society  in 
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the  Fall  of  19^0.  The  keyboard  device  and  a teletypewriter 
for  recording  answers  were  installed  in  the  auditorium  of 
Dartmouth  College,  where  the  Society  was  meeting,  and  were 
connected  to  the  relay  computer  in  New  York  City  by  a tele- 
phone circuit.  Those  attending  the  demonstration  placed 
their  own  test  problems  on  the  keyboard  at  Hanover,  New  Haven. 
The  Computer  ir.  New  York  City  made  the  computation  and  con- 
trolled the  printing  of  the  answer  on  the  typewriter  at  Hanover. 
The  complete  operation  required  about  one  minute,  from  typing 
of  the  problem  to  receipt  of  the  answer.  This  demonstration 
is  of  interest  as  the  first  practical  demonstration  of  the 
-'eacibillty  of  the  remote  control  of  automatic,  digital  com- 
p uters . 

The  Complex  Computer  was  followed  by  several  successful 
relay  computers,  both  special  purpose  and  general  purpose 
machines.  The  International  Business  Machines  Corporation 
ind  Professor  Howard  H.  Aiken,  of  Harvard  University,  placed 
"he  first  of  the  large-scale,  high-speed,  digital  calculators 
in  operation  in  19^.  This  machine,  called  the  Harvard  Mark  i, 
is  a relay  computer,  performing  the  basic  operations  of 
arithmetic  and  the  logical  operations  essential  for  automatic 
sequencing  by  the  use  of  relays,  having  a small  number  of  re- 
lay storage  registers,  and  having  built  iri  the  additional 
operations  of  taking  the  logarithm,  evaluating  the  sine  of  an 
angle  and  the  exponential  of  x to  base  10.  The  machine 
has  IBM  card  input,  and  the  results  of  a computation  can  be 
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recorded  by  either  or  both  of  two  output  devices,  IBM  electro- 
magnetic typewriters  or  an  IBM  punch. 

Next,  following  a sequence  of  more  or  less  special- 
purpose  digital  computers,  designed  essentially  to  handle  fire- 
control  computing,  and  several  kinds  of  problems  connected  with 
the  testing  of  fire  control  equipment,  the  Bell  Telephone  Lab- 
oratories delivered  in  19^6  and  19^7  two  large-scale  relay  com- 
puter systems,  one  to  the  National  Advisory  Committee  on  Aero- 
nautics at  Langley  Field,  Virginia,  and  the  other  to  the  Ballis- 
tics Research  Laboratory  at  Aberdeen,  Maryland.  Each  of  these 
giant  devices  has  9,000  relays  and  55  pieces  of  teletype  equip- 
ment. Each  embraces  a system  of  computers  which  can  be  operated 
together  or  independently.  There  may  be  as  many  as  six  com- 
puters and  ten  problem  positions.  As  one  computer  completes 
the  problem  on  its  associated  problem  position,  It  automati- 
cally picks  up  a waiting  problem  position. 

Built  into  the  computer  arc  the  functions  of  evaluat- 
ing logarithms,  sines,  cosines,  and  anti -tangents . Included 
also  is  the  floating  decimal  point  (the  computer  automatically 
takes  care  of  the  scaling  of  numbers  to  keep  them  within  the 
capacity  of  Its  registers),  multiplication  by  short-cut  addi- 
tion, automatic  rounding  off  of  results,  the  basic  arithmetic 
operations  and  rather  elaborate  discriminatory  (or  logical) 
controls.  The  system  has  elaborate  self -checking  features, 
and  is  capable  because  of  this  fact  and  the  problem-selection 
characteristic,  of  effective  unattended  operation.  Systemwlse, 
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the  Bell  Computer  Systems  were  a marked  advancement  in  the 
art  of  computer  development. 

The  remaining  of  the  giant,  automatically-sequenced  re- 
lay digital  computers  were  the  Harvard  Mark  II,  designed  ard 
constructed  by  the  Harvard  Computation  Laboratory,  and  a Bell 
Laboratories'  model  VI.,  which  was  a refinement  of  the  System 
we  have  just  described. 

All  these  relay  computers  of  the  large-scale,  automatic 
digital  variety  are  still  in  use.  Systemwise  they  are  fully 
the  equals  of  the  newer  electronic  devices.  Any  problem  which 
can  be  solved  on  the  electronic  computers  can  also  be  solved 
on  the  relay  computers,  although  usually  at  a much  slower  rate. 
Moreover,  the  latter  are  fully  automatic,  as  effectively  so  as 
the  electronic  counterparts.  They  represent  a highly  satis- 
factory 3tate  of  the  development  of  high-speed,  large-scale 
computers  v.slng>p^SS9^^S^iPParatut:  • The  °nly  reason  that 
they  have  not  been  dubbed  glant-^brains  Is  probably  that  the 
relay  is  more  comprehensible  to  us  than  is  the  vacuum  tube. 

These  relay  computers  have  in  common  several  interesting 
features.  First,  they  are  all  automatically  sequenced  by 
decks  of  punched  tapes,  which  may  be  prepared  at  the  conven- 
ience, with  respect  to  time  and  place,  of  the  mathematicians 
translating  the  problem  into  suitable  form  for  machine  solution. 
Second,  they  all  have  so-called  internal  memory,  that  is,  storage 
registers  matched  in  reference  or  access  time  to  the  computa- 
tional speed  of  the  arithmetic  speed  of  the  machine.  Third, 
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they  all  incorporate  sufficient  control  features, 
including  the  e>ercise  of  limited  choice  decisions, 
tc  make  them  fully  automatic.  And  fourth,  they  lend 
themselves  readily  to  the  inclusion  of  self -checking 
features  in  their  design. 

By  contrast,  the  first  large-scale  electronic  digital 
computer,  the  ENIAC  (Electronic  Numerical  Integrator  and  Cal- 
culator) was  a step  backward  in  many  directions.  This  device, 
conceived  by  a theoretical  physicist,  Dr.  Jolin  W . Mauchly, 
was  designed  and  built  in  the  Moore  School  of  Electrical  En- 
gineering of  the  University  of  Pennsylvania  for  the  Ordnance 
Department  of  the  United  States  Army. 

The  ENIAC  was  essentially  a special-purpose  computer, 
designed  for  the  purpose  of  calculating  tabular  data,  such 
as  firing  tables.  It  was  very  effective  in  this  kind  of 
calculation.  It  performed  numerical  operations  very  fast, 
at  the  rate  of  5.000  additions  or  subtractions  of  ten  deci- 
mal-digit numbers  in  a second,  or  over  three  hundred  multi- 
plications of  such  numbers  to  give  20-digit  products  in  the 
same  time.  It  was  a mammoth  machine,  weighing  approximately 
twenty  tons,  an  > containing  about  eighteen  thousand  vacuum 
tubes.  Yet  it  was  unbalanced,  combining  extremely  fast 
arithmetic  operations  with  long  and  tedious  set  up  time  for 
problems,  and  extremely  lima  ted  internal  storage.  The  range 
of  problems  that  could  be  solved  on  it  was  severely  limited. 
Moreover,  the  necessity  of  nandling  hundreds  of  patch-cords 
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and  switches  to  set  up  the  machine  for  a problem,  and  the 
fact  tnat  the  nature  of  the  computer  precluded  the  intelli- 
gent onlooking  of  the  scientist  as  his  problem  was  being 
solved,  tended  to  limit  the  expeditious  use  of  the  machine 
as  a general-purpose  computer. 

The  very  engineers  who  designed  and  constructed  the  ENLAC 
were  thinking  longingly  of  more  flexible  computers  even  before 
its  completion.  Moreover,  even  the  most  rabid  proponents  of 
relay  computers  eventually  were  captivated  by  the  potential 
of  ultra-fast  computing  devices,  and  joined  in  the  effort  tc 
develop  more  flexible,  and  more  easily  operated  electronic 
digital  computers  than  the  ENIAC . The  result  of  this  concerted 
effort  was  the  introduction  of  the  era  of  the  modern,  large- 
scale,  electronic  digital  computer. 

Thl3  computer,  in  its  ideal  form,  combines  the  computa- 
tional speed  of  an  ENIAC  with  the  desirable  features  of  the 
large-scale  relay  computers.  Its  functioning  i3  based  on  the 
manipulation  of  electrical  pulses,  as  in  the  ENIAC,  and  its 
arithmetic  3peed  therefore  borders  on  the  fantastic.  It  is 
sequenced  by  coded  Instructions,  which  may  enter  it  inter- 
spersed with  numerical  data,  on  the  same  input  tape,  or  in 
the  same  deck  of  cards.  It  consists  of  four  main  parts,  an 
input-output  device,  arithmetic  unit,  control  or  sequencing 
unit,  and  a storage  unit.  It  is  preponderantly  an  elect"onic 
machine,  containing  a minimum  of  relays  and  moving  parts. 

The  first  wave  of  these  *ew  computers  has,  as  one  would 
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expect,  an  experimental  nature.  There  have  been  almost  as 
many  ideas  tried  out  with  respect  to  the  design  of  the 
arithmetic,  control  and  storage  units  as  there  have  been 
development  groups  in  the  field.  To  mention  a few  of  the 
major  design  differences:  some  arithmetic  units  add  numbers 

digit  by  iigll,  serially  in  time,  and  are  called  serial 
others  operate  on  all  the  digits  in  parallel,  at  the  same 
instant,  and  are  said  to  be  parallel  units.  Some  computers 
operate  essentially  cyclically,  the  time  of  each  operation 
being  an  Integral  multiple  of  a basic  cycle:  others  are 
purely  ^cyclical,  at  the  end  of  each  operation  a signal 
being  produced  to  cause  the  next  operation  to  begin.  Some 
computers  are  capable  of  simultaneous  computing  and  operation 
of  the  Input -output  device,  while  ethers  are  so  designed  that 
the  arithmetic  -unit  trust  stop  when  the  input  or  the  output 
'unit  is  energized.  Then  again  some  Internal  storage  units 
are  electro-magnetic,  some  are  electrostatic,  and  some  are 
even  acoustical  devices.  F.lectromagnetic  storage  is  storage 
on  a magnetic  drum,  electrostatic  storage  is  storage  on  the 
face  of  a small  television-type  cathode  ray  tube,  and 
acoustical  storage  is  storage  in  the  form  of  sound  waves 
travelling  along  carefully  controlled  paths,  with  regenera- 
tion as  long  i l needed. 

As  1.0  the  input -output  devices  in  use,  although  they 
have  not  received  the  development  emphasis  that  has  hern 
accorded  the  central  electronic  element,  they  again  are  not 
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cast  Orom  the  same  mold.  We  find  punched  cards,  punched  pa- 
per tape,  magnetic  wire  and  magnetic  tape  In  use  as  a medium 
for  communication  between  onerator  and  machine,  v;ith  a 
corresponding  variety  of  auxiliary  input-output  devices. 

The  input-output  units  have  frequently  been  somewhat  make- 
shift in  nature,  the  reason  being  concentration  on  the  utility 
of  the  amazing  new  computers  on  problems  calling  for  a hlgn 
ratio  of  computing  per  item  of  data.  Many  very  important 
problems  of  this  type  have  been  solve  1 on  computers  of  very 
limited  terminal  equipment.  In  fact,  during  World  'War  II, 
certain  key  problems  of  the  Manhattan  Project  were  success- 
fully 3oived  on  the  ENIAC  in  about  three  months  (of  which  about 
three  weeks  were  actually  computing  time)  which  could  not  have 
been  solved  in  less  than  a year  on  any  other  existing  comput- 
ing oquipraont.  The  effect  of  such  exploits  has  been  a con- 
tinuing emphasis  on  the  development  of  powerful  computing 
elements,  with  relegation  to  the  background  of  serious  interest 
in  any  terminal  equipment  involving  mechanical  design. 

There  has  been,  moreover,  until  recently,  a blissful  dis- 
regard of  the  existence  of  extremely  important  problems  at  the 
other  end  of  the  spectrum  from  the  exciting  scientific  prob- 
lems. The  data  processing,  or  data  handling  --  the  mass  per- 
formance of  small  bits  of  repetitive  computing  --  is  at  the 
same  time  less  glamorous  and  more  difficult  in  many  respects 
than  the  more  complicated  applications  of  the  large  computers. 
Nevertheless,  data  pro  esslng  is  extremely  important  --  its 
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value  Is  not  to  be  measured  in  terms  of  the  demand  it  makes 
upon  the  arithmetic  unit  of  an  electronic  computer. 

The  first  commercial  design  aimed  professedly  at  this 
application,  quantity  production  of  small  bits  of  computing, 
was  a product  of  the  Eckert-Mauchly  Computer  Corporation. 

The  Eckert-Mauchly  machine,  the  UNIVAC,  is  essentially  an 
all -purpose  computer,  intended,  hov/ever,  to  compete  with 
general -purpose  scientific  computers  and  also  with  account- 
ing-type, data-proce3sing  devices.  It  is  an  acoustic  stor- 
age (1000  item  capacity),  serial,  tape-sequenced  electronic 
computer,  of  12  decimal  digit  precision.  Its  capacity  for 
data  processing,  for  computing  demanding  high  performance  of 
input-output  unit,  is  arranged  for  by  the  use  of  up  to  10 
magnetic -tape  handling  devices,  which  can  be  used  inter- 
changeably for  input  or  output  purposes,  and  any  one  of 
wnlch  may  be  operated  concurrently  with  the  performance  of 
computing . 

While  the  UNIVAC,  now  manufactured  by  the  Eckert- 
Mauchly  Division  of  the  Remington-Rand  Corporation,  is  among 
the  more  reliable  automatic,  electronic  computers.  It  is  not 
the  complete  answer  to  the  requirements  of  data  processing. 

For  one  thing,  the  small  internal  storage,  1000-item  capac- 
ity, must  contain  at  the  same  time  raw  data,  partial  results, 
and  coded  instructions.  The  magnetic  tape  units  receive  a 
quite  thorough  work-out,  especially  m starting  and  stopping 
precisely,  In  Guta  processing  operation.  Unfortunately, 
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these  units  are  probably  the  least  reliable  component  of 
the  UNIVAC  system. 

Then  again,  for  predominantly  data  handling  applications, 
the  UNIVAC  is  unbalanced.  Its  all-purpose  computing  features 
and  complicated  control  unit  are  not  required,  and  they  only 
add  to  the  cost  of  keeping  the  computer  in  operation.  What 
about  t.ho  other  large-scale  electronic  computers  in  use? 

Which  of  them  are  suitable  for  the  modest  kind  of  computing 
we  are  concerned  witn  --  that  occurring  in  accounting,  in  pro- 
duction planning,  in.  inventory  studies,  and  the  like? 

we  have  pointed  out  that  the  original  stimulus  of  the 
great  development  in  automatic,  electronic,  digital  computers 
which  has  occurred  during  the  last  decade  has  been  the  desire 
to  solve  problems  standing  at  the  frontiers  of  scientific  and 
engineering  knowledge . One  has  no  reason  to  expect  that  the 
computers  developed  would  turn  out  to  be  economical  and 
efficient  for  other  uses.  It  13  true  that,  in  general,  these 
computers  are  not  economical,  and  in  many  instances  not 
practicable,  for  use  in  data  processing. 

We  m.  y divide  the  requirements  for  data  processing  equip- 
ment Into  two  groups:  functional  requirements  and  performance 

requirements.  As  functional  requirements,  we  list  (l)  High- 
speed, controllable,  input  devices  capable  of  handling  data 
in  huge  volume  expeditiously;  (2)  Large  internal  storage 
capacity  (thousands  of  items).  (3)  Arithmetic  capacity  suffi- 
cient for,  but  not  greatly  in  excess  of  the  computing  needs, 
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and  (4)  High-3peed  output  devices,  Including  printers. 

The  performance  requirements  are  (l)  accuracy;  (2) 
freedom  from  break-down;  (3)  ease  of  repair  and  maintenance. 
(4)  ea3e  of  operation;  and  (5)  ease  of  problem  preparation, 
or  ease  of  programming,  in  computer  jargon.  These  factors 
might  well  turn  out  to  be  the  dominating  figures  of  merit  in 
the  comparison  of  machines  of  coup  liable  computational 
potential . 

Of  the  functional  requirements,  (1)  and  (4),  concerning 
input-output  devices  and  high-soeed  printers,  have  to  do  with 
terminal  equipment  which  is  net  an  integral  part  of  the 
electronic  computer.  Fortunately,  almost  all  electronic 
computers  have  sufficient  built-in  flexibility  to  provide  fer 
conversion  to  improved  forms  of  this  terminal  equipment, 
3hould  they  appear . 

There  is  considerable  development  underway  here,  par- 
ticularly with  respect  to  hign-speed  printing  devices,  as  Dr. 
Nelson  Dlachman  will  point  out  later. 

Functional  requirement  (2)  --  large  internal  storage 
capacity  --  is  realizable  by  means  cf  the  magnetic  drum, 
which  is  a rugged,  reliable  storage  medium.  Moreover,  this 
phaBe  of  computer  design  is  attracting  the  interest  of  cap- 
able development  groups,  and  there  may  be  revolutionary  ad- 
vances here  in  the  near  future,  Mr.  Rabinow  will  tell  us 
of  some  of  the  activity  in  the  following  talk.  The  remaining 
functional  requirement,  which  I have  stipulated,  is  easily 

--  it  is  merely  a matter  of  design  philosophy, 
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and  not  a matter  of  technical  difficulty,  to  manufacture  an 
arithmetic  unit  tailored  to  the  computational  needs  of  the 
problems.  All  in  all,  the  functional  requirements  appear  to 
pose  no  obstacle  to  the  development  of  electronic-digital 
computers  suitable  for  a variety  of  data  processing  applications. 

The  situation  with  respect  to  the  performance  require- 
ments is  quite  different,  I think.  It  is  sufficient  to  con- 
sider only  items  (1),  (2),  and  (3)  accuracy,  freedom  from 
breakdown,  and  ease  of  repair  and  maintenance. 

For  data  processing  does  not  lend  itself  to  programmed, 
or  mathematical  checks  of  accuracy  — in  this  respect  it  is 
very  unlike  the  scientific  problem.  It  therefore  calls  for 
a much  lower  incidence  of  error  of  computing  equipment  than 
does  the  latter.  Considering  only  electronic,  digital  com- 
puters which  have  been  in  actual  use  long  enough  for  evalua- 
tion in  this  regard,  the  picture  could  be  more  favorable. 

There  are  several  of  these  computers  in  use  which  would  prop- 
agate errors  at  an  intolerable  rate  if  the  computed  results 
were  not  being  constantly  verified  by  programmed  checks. 

These  computers  obviously  could  not  be  used  for  data  pro- 
cessing. 

There  is,  fortunately  for  us,  a definite  trend  toward 
the  development  of  more  accurate  computers,  a trend  vhich  is 
exemplified,  in  two  directions,  in  computers  developed  under 
military  sponsorship.  One  computer,  tne  RAYDAC , designed 
and  constructed  by  the  Raytheon  Manufacturing  Company  for  the 
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Bureau  of  Aeronautics,  with  the  support  of  the  Air  Materiel 
Command,  USAF,  carries  out  in  its  design  a rather  complete 
checking  system.  Check  computations,  similar  to  the  familiar 
casting  out  of  9;3,  parallels  all  computer  operations,  in- 
cluding transfers  of  information  within  the  machine  as  well 
as  the  actual  arithmetical  or  logical  operations.  Dis- 
crepancy between  coded  information  within  the  computer  at 
any  point  and  the  check  performed  for  that  point  stops  the 
computer  and  causes  error  indication.  The  RAYDAC  has  not 
been  in  operation  long  enough  for  a certain  evaluation  of 
its  accuracy,  but  the  checking  system  promises  to  reduce  un- 
detected errors  to  an  insignificant  number. 

The  other  computer,  the  WHIRLWIND  I,  is  an  experimental 
computer  developed  at  the  Massachusetts  Institute  of  Technol- 
ogy, under  the  support  of  the  Special  Devices  Center,  USN, 
and  the  Office  of  Naval  Research.  This  computer  does  not 
have  automatic  checking,  but  rather,  has  been  designed  with 
careful  attention  to  the  Installation  of  facilities  for 
effective  preventive  maintenance.  The  various  blocks  of 
circuitry  in  the  computer  can  bo  operated  under  conditions 
which  would  tend  to  accelerate  failure,  such  as  low  voltages 
on  the  heaters  of  the  vacuum  tubes,  wrong  voltages  to  the 
grids  of  those  tubes,  and  abnormal  line  voltages.  If  errors 
occur  under*  the  abnormal  testing  conditions;  their  causes 
are  isolated  and  remedial  action  taken.  It  has  been  found 
that  following  a test  period  of  this  kind,  called  marginal 
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testing,  the  c err,  rater  can  be  relied  upon  for  error-free  oper- 
ation for  an  extended  period,  usually  of  several  hours. 

We  should  mention  also  that  the  UNIVAC  has  built-in  check- 
ing features.  In  it  the  steps  of  arithmetic  are  performed  by 
two  arithmetic  units,  and  the  results  checked  for  agreement 
before  the  beginning  of  the  next  step.  Lack  of  agreement  in- 
dicates a failure  of  one  or  both  arithmetic  units,  and  causes 
stoppage  of  the  computer  and  the  turning  on  of  an  error-indicat- 
ing light.  Transfers  of  information  from  one  part  of  the  com- 
puter to  another  are  checked  by  an  odd -even  check,  which 
effectively  reduces  the  undetected  errors  caused  by  faulty 
transfers  . 

The  incorporation  of  automatic  self -checking  features  in 
computers  and  the  use  of  marginal  checking  techniques  are  a 
step  in  the  direction  of  making  computers  perform  more  accurately. 
However,  the  really  basic  step  which  should  always  occur  some- 
where before  the  production  of  working  models  of  complicated 
equipment,  namely  the  exercise  of  prudence  in  the  choice  of 
design  tolerances  cannot  be  overemphasized.  An  outstanding 
example  of  the  effect  of  conservatism  in  design  and,  possibly 
marginal  checking,  on  the  performance  of  an  automatic,  elec- 
tronic computer  is  the  Engineering  Research  Associates  1101. 

In  the  1101,  all  components  are  operated  well  within  man- 
ufacturers' ratings.  Maximum  vacuum  tube  dissipation  is 
limited  to  fifty  per  cent  of  rating.  Resistor  dissipation  is 
limited  to  less  than  thirty-five  per  cent  of  rating.  Crystal 
diodes,  with  few  exceptions,  are  not  subjected  to  inverse 
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voltages  greater  than  half  the  manufacturers’  rating,  nor 
are  they  required  to  conduct  direct  currents  greater  than 
fifty  per  cent  of  the  ratings. 

The  reflection  In  the  performance  is  the  following: 

The  computer  wa3  delivered  in  December,  1Q50,  and  only  eight 
days  later  was  installed,  tested,  and  ready  for  operation. 
Maintenance  personnel  assigned  to  the  machine  were  supplied 
by  the  customer,  and  were  not  under  the  manufacturer's  super- 
vision. Only  two  of  them  had  seen  the  equipment  before  its 
delivery  to  the  customer.  For  the  first  4,500  hours  the 
machine  was  turned  on,  it  was  available  operationally  for 
eighty-six  per  cent  of  the  time.  Of  the  remaining  fourteen 
per  cent,  ten  per  cent  was  used  in  scheduled  preventive 
maintenance  and  marginal  checking.  Only  four  per  cent  of 
the  total  time  on,  therefore,  was  spent  in  unscheduled  main- 
tenance in  the  remedying  of  the  causes  of  machine  errors. 

This  is  the  kind  of  performance  record  every  manufacturer 
of  large-scale  computing  machinery,  whether  it  be  designed 
for  general-purpose  use  or  data  processing,  should  aim  for. 

We  return  now  to  the  requirements  of  reasonable  free- 
dom from  breakdown  and  ease  of  repair.  Because  of  acceler- 
ated design  and  construction  schedules  and  a somewhat  mad 
scramble  for  higher  and  higher  computational  speeds,  these 
requirements  have  been  sometimes  disregarded  in  the  manu- 
facture of  general-purpose  computers.  It  has  been  the  excep- 
tion rather  than  the  rule  that  one  could  count  on  a few  hours 


-17- 


FOURTH  ANNUAL  LOGISTICS  CONFERENCE:  CANNON 

of  computation  uninterrupted  by  errors.  Moreover,  computers 
have  been  constructed  often  in  the  small  laboratory  environment, 
and  considered  a laboratory  tool , with  no  need  for  serious 
attention  to  designing  so  a3  to  facilitate  quick  repair  of 
breakdowns . 

In  such  computers  one  finds  vory  ir\-  pj.-g-in,  ron!' ace- 
able  parts,  so  that  the  computer  is  out  of  operation  for  the 
duration  of  circuit  repairs.  In  seme  computers  gymnastics 
are  required  for  the  simple  cpr."  tion  of  removing  for  t.03t, 
or  replacing  a single  vacuum  tube,  ’/.‘here  it  is  desirable, 
even  essential , to  keep  the  computer  in  productive  operation 
a maximum  of  the  time,  and  where  it  is  essential  to  have 
low  operation  and  maintenance  cost  thi?  prototype  of  design 
will  .ot  do. 

The  greatest  Impulse  in  the  direction  of  reliable, 
easily  serviced  computers  will  probably  come  from  the  competl  - 
tive  market  for  the  data-processing  kind  of  device.  In  fact, 
this  competition  has  already  produced  a noticeable  emphasis 
on  the  design  of  computers  for  inventory  cortrcl  ir.  chain 
mail-order,  retail  houses,  like  Sear-s  Roebuck  and  Company,  and 

there  is  in  otfLdernfte  a siu^re  interest  in  the  po'tontinl  use  in 
production  control  of  modest-scale  computers,  which  are  not 
too  difficult  to  use  and  keep  in  service. 

You  will  have  observed,  long  before  this  time,  that 
this  survey  is  a consideration  of  the  suitability  for  data- 
processing  of  electronic  computers  designed  for  other  uses 
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rather  than  a survey  of  existing  data -processing  systems. 

We  had  nc  choice  in  this  matter.  There  simply  are  not  yet 
in  use  such  systems  based  on  modern,  electronic  computers. 

In  fact,  the  only  specially-designed  data-processing  system 
I know  of,  intended  to  serve  as  a proving  ground  for  the  de- 
termination of  the  utility  of  modern  electronic  computing 
in  the  mass  handling  of  data,  is  the  Logistics  Computer, 
which  has  recently  been  delivered  to  the  Logistics  Research 
Project.  This  computer  was  constructed  by  the  Engineering 
Research  Division  of  Remington  Rand,  Incorporated,  under  the 
sponsorship  of  the  Office  of  Naval  Research,  and  it  is  the 
computer  which  will  be  on  display  and  demonstrated,  accord- 
ing to  your  wishes,  beginning  tomorrow  morning. 

Since  the  Logistics  Computer  will  be  discussed  in 
talks  by  Lieutenant  Robert  Rossheim,  USNR,  and  Mr.  J.  Jay 
Wolf,  which  are  to  be  given  later  today,  I shall  content 
myself  with  saying  that  the  research  performed  in  conjunc- 
tion with  it  will  serve  a double  purpose.  We  shall  try  to 
use  it  to  assist  in  the  devising  and  testing  of  new  logistics 
procedures,  and  we  are  interested  also  in  evaluating  the 
design  of  the  computer.  In  this  evaluation  we  shall  be 
testing  the  computer  from  both  the  functional  and  performance 
standpoints  we  have  used  before.  The  functional  evaluation 
will  test  the  foresight  of  those  who  collaborated  on  the 
logical  design  of  the  computer;  the  performance  evaluation,  on 
the  other  hand,  will  indicate,  we  hope,  the  practicability  of 
electronic  digital  data  processors,  particularly  in  the  field 
of  naval  logistics. 
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by 

Jacob  Rabinow 

National  Bureau  of  Standards 

I would  like  to  make  some  comments  on  Dr.  Cannon's 
talk.  As  a working  engineer  I am  sure  that  most  of  the 
troubles  he  ascribes  to  "unconservative"  design  v/erc  really 
due  to  the  newness  of  the  machines.  Making  machines  "con- 
servatively' has  its  difficulties  too.  If  you  make  an  air- 
plane conservatively,  it  simply  will  not  fly.  This  is  true 
also  in  electronics.  One  cannot  use  vacuum  tubes  at  a 
fraction  of  their  rating.  Tubes  that  are  too  large  for  the 
Job  have  too  much  capacity  and  have  other  difficulties. 

Engineers  do  not  deliberately  make  flimsy  machines, 
and  I know  the  computer  people  well  enough  to  know  that  they 
thought  they  were  doing  a conservative  Job.  Experience  is 
the  only  thing  that  can  tell  you  what  is  and  what  isn't 
conservative . 

Competition,  of  course,  is  very  good  in  this 
business.  There  is  no  doubt  that  the  Government  spends 
millions  of  dollars  for  data  processing  machinery,  and  as 
the  Government  proves  that  its  machines  can  work,  more  and 
more  people  of  industry  will  enter  this  field.  There  is  no 
doubt  that  many  of  these  people  will  eventually  say  that 
the  original  machines  were  quite  stupid,  and  we  who  work  on 
them  also  think  they  are  quite  stupid.  I have  been  in 
Ordnance  for  a long  time,  some  twelve  years,  and  always,  as 
I look  back  on  c design  of  a mechanism  done  some  five  years 
before,  I wonder  why  I did  it  that  way.  Five  years  from 
now  we  will  be  looking  back  at  the  present  designs  of  com- 
puting machinery  and  thinking  this  same  thing.  In  any 
case,  I hope  so. 

Now  for  the  information  storage  devices.  They  can 
be  classified  in  many  ways.  Perhaps  the  best  way  to 
classify  the  storage  mechanism  is  by  the  type  of  things 
they  store,  and  there  are  two  types  of  information  which 
one  can  discuss  when  one  discusses  recording  memories. 

One  is  the  type  of  Information  that  must  be  preserved  in 
facsimile.  The  signature  on  checks  i3  such  an  item,  as  are 
maps,  etc.  These  things  must  be  photographed,  and  they 
are  usually  preserved  in  Microfile.  Microfile,  of  course, 
is  a trade  name  for  a very  fine  process.  The  unfortunate 
thing  about  Microfile  is  that  the  original  design  of  Micro- 
file  equipment  did  not  anticipate  mechanical  handling. 

Thus  most  Microfile  equipment,  with  the  few  exceptions  I 
shall  mention,  requires  hand-searching,  and  while.  Microfile 
gives  you  perhaps  the  greatest  compactness  of  information, 
some  poor  clerk,  usually  a girl  who  is  stuck  with  these 
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jobs,  has  to  sit  and  crank  a knob  or  a dial  until  she 
gets  the  right  bit  of  information  out  of  storage. 

The  notable  exception  is  the  Rapid  Selector, 
built  by  the  Engineering  Research  Associates,  now  a sub- 
sidiary of  Remington  Rand.  It  is  a machine  re-invented 
by  Dr.  Vannevar  Bush  --  I say  re-invented  because  someone 
of  the  Zeiss  works  in  Germany  invented  it  many  years  be- 
fore, but  apparently  no  model  was  ever  built.  In  this 
Rapid  Selector,  Information  is  stored  in  photographic  form 
on  35  mm  film.  One-half  of  the  width  of  the  film  is  re- 
served for  photographs  of  the  documents  one  searches  for. 

The  other  side  of  the  film  is  reserved  for  a code  of  black 
and  white  dots.  This  code  can  be  used  to  recognize  the  data 
in  the  documents  by  an  optical  coincidence  device.  The 
machine  searches  the  data  very  rapidly.  It  searches  at  300 
frames  per  second,  and  in  some  four  minutes  one  can  search 
roughly  100,000  items  of  Information.  Whenever  the  particu- 
lar code  coincides  with  the  card  that  one  places  into  the 
machine,  the  machine  says,  "Bingo!"  and  copies  the  document. 

It  does  thl3  "on  the  fly"  without  stopping  the  main  film. 

The  photographs  are  taken  in  an  exposure  of  two 
microseconds.  The  machine  had  some  difficulties,  particu- 
larly in  the  high  speed  copying  camera,  so  that  my  group 
at  the  National  Bureau  of  Standards  made  some  modifications 
on  it.  That  part  works  quite  well.  There  are  still  parts 
that  are  giving  trouble . 

The  Department  of  Agriculture,  who  has  the  machine 
now,  does  not  have  very  much  money  for  thi3  sort  of  operation, 
not  being  a military  agency.  If  one  could  get  a military 
agency  to  support  it,  the  work  could  be  done  at  a much  higher 
level . 


My  group  has  two  kinds  of  programs . Most  of  the 
work  is  for  the  military,  and  a small  amount  is  for  the 
civilian  agencies.  The  difference  in  cost  for  a comparable 
item,  depending  on  whether  it  is  being  built  for  the  mill 
tary  or  civilian  agency,  is  about  10  to  1.  The  difference 
in  the  rate  of  completion  is  about  2 to  1 . I wish  it 
weren't  so,  but  this  is  the  way  it  happens  to  work  out.  You 
can  do  the  sarr.j  job  for  a civilian  agency,  which  gives  you 
all  the  time  in  the  world,  and  doesn't  put  any  low  tempera- 
ture specifications  on,  in  about  twice  the  time,  and  for  one- 
tenth  the  money.  In  the  military  development  program  the 
lowest  priority  we  have  is  "crash"  and  the  highest  priority 
is  "incandesence . " 
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Now  to  get  back  to  facsimile  data  storage  de- 
vices. Another  machine  is  now  being  built  by  Yale 
University  for  one  of  the  intelligence  agencies.  This 
will  also  scan  Microfile  mechanically . We  are  building 
at  the  Bureau,  a machine  that  reads  type . My  little  six 
year  old  daughter  does  it  very  much  better,  but  the 
machine  will  read,  and  we  can  apply  this  machine  to  the 
reading  of  Microfile.  The  greatest  advantage  of  such 
machines,  of  course,  is  the  tremendous  amount  of  informa- 
tion that  one  can  photograph  in  two  millionths  of  a 
second.  Ir.  this  time  one  can  photograph  several  pages 
of  newspaper.  This  is  a great  deal  of  information  -- 
I mean  quantitatively,  not  necessarily  qualitatively. 

This  type  of  data  extracting  and  recording  cannot  to- 
day be  duplicated  by  any  other  means. 

The  otner  type  of  data  is  the  kind  you  are 
concerned  with  here  today,  and  that  is  the  type  of  data 
one  can  convert  into  some  kind  of  a cede.  We  can  express 
this  data  as  a number  or  as  a series  of  dot3  and  dashes, 
etc.  This  type  of  information  has  the  particular  virtue 
that  it  ca  . be  sent  electrically  over  a wire.  If  one 
wants  to  (. . t technical,  one  can  say  that  thi3  Is  also  true 
of  plctur  s.  One  can  send  them  over  a wire,  also,  by 
scanning  and  using  television  techniques. 

This  approach  is  not  too  practical  today,  but  m^ 
be  practical  tomorrow.  The  information  that  can  be  coded 
easily  has  the  other  great  advantage  that  one  can  make  a 
duplicate  of  the  information  cleaner  than  the  original . 
This,  of  course,  sounds  like  double  talk.  One  cannot  get 
data  that  is  lost  --  that  isn't  there  --  but  you  can  at 
least  preserve  Its  cleanliness  if  it  is  there.  In  other 
words,  every  time  you  reproduce  the  data  you  can  clean 
it  up . 


You  can  generate  local  pulses  so  that  if  the  in- 
formation you  obtain  is  getting  a little  noisy,  if  the 
peaks  are  not  even,  one  can  regenerate  them  and  make  them 
even  and  clean.  This  13  quite  impossible  in  photographic 
reproduction.  When  one  copies  Microfile  records,  the 
second  copy  Is  worse  than  the  first,  the  third  is  worse 
than  the  second,  etc.,  and  by  the  time  one  has  copied  it 
five  or  3lx  times,  the  Information  is  gone  as  far  as 
machine  reading  is  concerned.  In  any  case,  one  can't 
trust  it  too  much  any  more. 

Digital  Information  can  be  reproduced  an  infinite 
number  of  times,  always  checking  to  make  sure  that  the 
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copy  is  correct.  As  Dr.  Cannon  said,  "There  are  tech- 
niques b.,  which  7ou  can  soo  that  the  information  is  not  only 
clean,  but  that  it  is  correct.  ‘ This,  of  course,  is  the 
great  advantage  of  digital  machines. 

Now  for  the  machines  that  store  this  sort  of  in- 
formation. The  earliest  practical  machines  were  those  us- 
ing the  punched  cards  with  which  you  are  familiar.  It  may 
be  worthwhile  at  this  point  to  remind  you  that  this  type 
of  machinery  was  developed  by  the  Government,  and  picked  up 
by  business.  I would  like  to  emphasize  this  because  quite 
often  we  hear  it  said  that  we  are  competing  with  Industry, 
and  we  would  like  to  assure  them  that  this  is  not  so.  We 
are  just  helping  out.  Maybe  in  individual  cases,  in  a per- 
sonal way,  we  are  competing,  but  not  as  an  overall  program. 

The  punched  card  is  a wonderful  method  of  storing  informa- 
tion. It  is  of  a binary  type,  that  is,  the  information  is 
either  “yes"  or  "no,"  and  this  type  of  binary  information 
is  particularly  good  for  electronic  computers.  This  is  be- 
cause most  electronic  computers  depend  cn  vacuum  tubes  which 
are  quite  poor  in  their  ability  to  distinguish  multiple  states 
and  if  one  had  less  than  a binary  system,  one  would  rave  no 
system  at  all . 

Mathematicians  tell  us  that  binary  arithmetic  has 
some  very  great  advantages.  Frankly,  I do  not  believe  a 
word  of  this.  I think  the  reason  the  binary  system  is  be- 
ing used  is  that  the  vacuum  tube  is  such  a poor  device.  If 
vacuum  tubes  were  ever  developed  to  a point  where  they  have 
ten  stable  states,  or  sixteen,  I believe  the  mathematicians 
would  not  use  the  binary  system.  Of  course,  these  machines 
are  so  fast  that  it  makes  little  difference,  at  the  present 
time,  as  to  what  kind  of  arithmetic  one  uses.  It  is  inter- 
esting to  note  that  the  glamour  boys  of  this  industry,  the 
mathematical  wizards,  developed  the  computing  parts  much 
faster  than  the  accessory  organs.  The  result  of  that  is  that 
now  everybody  is  desperately  trying  to  devise  input  and  out- 
put mechanisms  to  match  the  fantastic  speeds  of  the  electronic 
computing  equipment . 

There  are  several  ways  to  store  digital  information: 
One  is  to  punch  holes  in  cards  as  I mentioned  previoxaly; 
another  is  to  punch  holes  in  magnetic  material,  except  that 
Instead  of  punching  a real  hole,  one  records  a little  plus 
or  minus  or  a little  negative  or  positive  pole  in  the 
material.  You  can  take  small  iron  cores  and  wind  small  coils 
on  them.  By  magnetizing  the  cores  one  can  record  a digit  of 
information  because  the  iron  retains  its  magnetism.  If  one 
has  to  record  a great  deal  of  information,  one  takes  a sheet 
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of  magnetic  material  and  puts  a little  coil  over  a small 
area  of  this  sheet,  and  records  the  material  on  a little 
magnetic  spot.  The  spots  may  be  only  1/100  of  an  inch 
by  1/100  of  an  inch.  This  magnetic  material  can  be  in 
form  of  wires,  sheets,  various  other  shapes,  discs,  drums, 
or  anything  you  like,  and  the  overall  device  can  be  quite 
elegant.  Drums  are  very  popular  because  they  are  very 
fast.  They  are  cylinders  perhaps  ten  inches  or  twelve 
inches  in  diameter,  and  perhaps  a foot  long.  You  can 
record  on  millions  of  these  little  areas  and  the  magnetic 
field  can  then  be  read,  later,  by  putting  a small  pickup 
coil  near  the  drum.  As  the  magnetic  particle  passes  the 
coil,  it  induces  a slight  amount  of  current  in  it,  and 
this  is  the  output  which  can  then  be  fed  into  a computer 
or  into  another  recording  device. 

The  difficulties  with  these  drums  are,  first, 
that  they  are  very  expensive;  secondly,  one  must  not  con- 
tact them  because  if  one  does,  one  rubs  the  surface  away. 
The  result  of  this  is  that  one  must  have  very  high  pre- 
cision in  the  mechanical  assembly.  They  are  very  diffi- 
cult to  use  in  a mobile  unit.  If  one  tries  to  fly  such 
a drum  you  find  that  it  is  not  only  a magnetic  recording 
device,  but  also  a gyroscope,  and  it  want3  to  fly  the 
airplane  in  its  own  peculiar  way.  This  gives  rise  to 
all  3orts  of  difficulties.  One  can,  of  course,  put  drums 
in  gimbals,  so  that  if  the  carrier  maneuvers,  the  drum 
remains  relatively  still.  I am  sure  that  any  definite 
statement  I make  here  will  be  wrong  tomorrow.  Someone 
who  doesn't  know  the  difficulties,  or  who  knows  them 
much  better  than  I do  will  find  an  easy  way  out. 

Magnetic  recording  on  tape  is  very  excellent, 
and  gives  very  high  compactness  to  the  information,  but 
there  is  a fundamental  trouble  with  t^pe . The  use  of 
tape  has  rediscovered  a lost  art.  In  the  old  days,  be- 
fore book3  were  invented,  people  hau  scrolls.  The 
heralds  read  the  scrolls  by  turning  the  two  reels  in 
their  hands.  The  difficulty  is  that  one  has  to  unroll  a 
great  deal  of  length  to  find  a particular  bit  of  informa- 
tion, and  if  one  happens  to  be  looking  for  an  item  on 
Page  1,000,  or  the  equivalent  of  Page  1,000,  one  has  to 
go  through  a thousand  pages  to  get  there. 

So,  people  invented  books.  These,  of  course, 
are  scrolls  chopped  into  short  sections.  Here  the  great 
advantage  is  that  one  can  open  the  book  at  any  place,  if 
one  has  reasonable  intelligence,  and  find  tne  information 
one  wants . The  difficulty  with  books  is  that  they  do  not 
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lend  themselves  to  mechanical  handling.  Such  mechanical 
devices  have  been  built,  for  instance,  for  pianists,  and 
for  people  without  hands,  but  the  mechanisms  are  cormii- 
cated  and  certainly  not  as  reliable  as  one  would  wisn  fcr 
an  automatic  storage  device . 

We  nave  recently  developed  at  the  Bureau,  a 
machine  which  does  read  books  without  opening  them.  It  is 
done  this  way:  One  takes  a large  number  of  disks  and  puts 

them  together.  I would  like  to  have  had  the  machine  here, 
rather  than  explain  it,  but  in  fifteen  minutes  one  does  not 
have  much  time  to  do  much  exhibiting.  If  any  of  you  wish 
to  visit  the  National  Bureau  of  Standards,  we  would  be  more 
than  happy  to  show  you  the  equipment. 

Each  of  the  stacked  disks  in  our  machine  has  a 
notch  cut  out  of  it,  like  a pie  section.  The  notches  are  ail 
aligned  in  one  straight  line.  By  turning  any  disk,  one  can 
read  both  sides  of  it  by  looking  through  the  notches  of  the 
other  disks.  This  is  as  if  a book  were  made  of  round  pages 
pivoted  at  the  centers,  so  arranged  that  each  page  could  be 
Independently  turned.  The  first  machine  is  now  being  finished 
by  one  of  our  contractors.  It  will  store  about  a billion 
dig* ts  and  will  have  an  access  time  of  les3  than  half  a second. 
This  type  of  machine  is  called  a Random  Access  Memory. 

Magnetic  information  is  very  elegant,  not  only  be- 
cause of  its  compactness,  say  10,000  dots  to  a square  inch, 
but  also  because  one  can  erase  the  information  very  easily, 
and  reinsert  it  at  any  time.  This,  of  course,  has  its  diffi- 
culties. Some  types  of  information  one  does  not  wish  to  erase. 

I am  sure  if  you  were  keeping  permanent  records,  you  would 
worry  about  this.  V'e  worry  about  it  too.  It  is  not  so  oad, 
however,  if  one  takes  special  precautions,  such  as  duplicating 
the  records,  having  proper  Interlocks  in  the  equipment,  etc. 

Magnetic  inf orrr.ation  is  quite  permanent.  If  one 
docs  not  put  exactly  the  right  type  of  demagnetizing  magnetic 
fields  on  it,  which  is  rather  difficult  to  do,  and  if  one 
does  not  heat  it  to  a very  high  temperature,  the  records  should 
last  Indefinitely.  There  are  magnetic  Instruments  in  the  wxrld 
today  that  have  not  changed  more  than  one  or  two  per  cent  in 
the  last  fifty  years.  The  safety  from  fire  is  no  worse  than 
one  would  expect  from  paper  information,  perhaps  better.  By  the 
time  the  magnetism  is  destroy'd,  the  base  on  which  the  magnetic 
material  is  deposited  is  usually  destroyed  also. 

There  are  many  other  ways  of  storing  information. 

The  wire  is  excellent,  permanent,  but  rather  slow  in  access 
time . 
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Another  way  of  classifying  these  information 
storage  devices,  perhaps,  is  to  differentiate  between  those 
where  the  information  must  be  permanently  stored  and  those 
where  the  device  i3  only  used  as  a temporary  memory,  that 
is,  as  a scratch  pad,  where  the  information  is  only  re- 
quired for  a few  moments  of  time . One  of  these  devices 
is  the  acoustic  delay  line.  It  is  a tube  of  mercury  about 
two  feet  long,  through  which  a series  of  3ound  pulses  is 
transmitted.  Actually  the  word  'sound'  is  somewhat  mis- 
leading. The  pulses  are  of  megacycle  rates.  An  input  de- 
vice send3  a pulse  into  the  mercury  and  at  the  other  end 
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up,  then  the  signal  is  fed  bade 


through  an  amplifier,  back  to  the  input  so  that  the  device 
chases  its  own  tail"  until  you  are  ready  to  take  the  in- 
formation out.  If  one  shuts  off  the  amplifier,  the  infor- 
mation dies  in  a single  pass;  if  one  wants  to  read  it,  one 
connects  to  the  circuit  and  the  Information  runs  out  on 
the  connected  wire.  One  can  interrupt  the  circuit  for  a 
short  time  and  thus  erase  a part  of  the  Information  and 
then  insert  new  information  in  its  place* 


The  cathode  ray  tube  can  also  be  used  for  storage 
of  information.  The  information  is  put  on  as  small  dots 
on  the  face  of  the  tube  and  electrical  capacity  can  be 
made  use  of  to  keep  the  information  there  for  a short 
time . The  material  can  be  regenerated  and  kept  on  the 
face  of  the  tube  indefinitely;  that  is,  as  long  as  the 
power  in  the  circuitry  stays  alive. 


The  beauty  of  this  device  is  the  very  high  speed 
with  which  the  information  can  be  placed  on  the  face  of 
the  tube,  or  read  out.  Also,  cny  bit  of  information  can 
be  reached  directly  without  having  to  go  through  a long 
process  as  is  done  in  the  case  of  wire,  tape,  drums,  etc. 
This  type  of  storage  is  particularly  good  for  temporary, 
working,  type  of  memory,  usually  inside  a computer.  It 
is,  of  course,  unsuitable  for  permanent  storage. 

An  entirely  new  kind  of  data  memory  is  now  beirg 
developed.  It  makes  use  of  the  3pin  of  electrons  in  a 
solid  or  liquid  material.  I am  not  a physicist,  and  do 
not  know  exactly  how  these  devices  work,  but  it  seems  that 
the  electrons  are  spl.ming  and  really  are  gyroscopes,  so 
that  if  one  applies  an  external  field,  these  gyroscopes 
can  be  made  to  precsss.  This  precession,  and  the  rates 
at  which  the  precession  is  developed  and  decays,  can  be 
made  use  of  to  record  Information.  The  information  i& 
fed  in  as  a series  of  pulses  and  at  some  time  later  the 
series  of  pulses  come  back,  cut  of  the  device,  and  then 
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can  be  reinserted  and  regenerated  indefinitely.  The  beauty 
of  the  device  is  that  it  has  no  moving  parts,  in  the  usual 
sense  of  the  word,  and  is  extremely  compact  and  fast. 

There  is  no  doubt  that  in  the  near  future  these 
will  be  working  gadgets.  Other  memories  are  also  being 
built  such  as  electrostatic  devices,  where  the  information 
is  recorded  capaci tatlvely  on  barium  titanate  and  other 
materials.  This  development  looks  very  promising  and  should 
result  in  inexpensive,  very  compact  storage  devices  which 
can  record  information  permanently. 

Most  of  the  high  speed  devices  require  very  com- 
plicated electronic  circuits  to  feed  the  information  in  and 
out.  The  magnetic  devices  are  relatively  simple,  but  require 
more  mechanics. 

I believe  that  the  above  gives  you  some  sort  of  a 
picture  of  the  field  of  recording  of  information.  I am  sure 
I have  confused  some  of  you.  It  goes  without  saying  that  all 
the  remarks  you  have  heard  about  computers  not  being  too  de  - 
pendable , apply  to  memory  devices  as  well.  We  hope  that 
as  experience  is  gained  and  the  devices  pass  from  the  labora- 
tory to  the  engineering  and  finally  to  the  production  engineer- 
ing stages,  these  difficulties  will  be  overcome  and  the  gadgets 
will  be  as  good  as  things  like  typewriters,  for  Instance.  It 
takes  more  than  two  or  three  years  to  get  industrial  experience 
and  in  perhaps  ten  to  twenty  years  all  of  you  will  be  able  to 
go  out  and  buy  conventional,  commercial  equipment  of  this  type. 
Certainly  it  appears  that  the  dependability  of  the  data  will 
be  as  good  as  it  is  in  typed  or  handwritten  methods  used  today. 

It  is  our  experience  in  Ordnance,  that  the  human 
factor  is  much  more  Important  in  the  question  of  dependability 
than  the  matter  of  machine  design.  I could  tell  you  fantastic 
tales  about  the  cases  where  intelligent  people  have  made  the 
most  stupid  errors.  Machinery  is  quite  dependable.  It  is 
our  philosophy,  at  least  in  ordnance,  that  we  would  rather 
trust  the  machine  than  the  operators.  So  that  we  believe  that 
the  computers  with  all  their  faults,  if  they  are  provided  with 
some  built-in  checking  equipments,  will  be  far  better  from  the 
oolnt  of  view  of  dependability,  than  the  operations  that  we 
are  performing  today. 

I have  discussed  some  of  the  operations  of  inven- 
tory control  with  people  of  industry,  people  from  General 
Motors  and  Sears  Roebuck,  and  it  appears  that  a great  deal  of 
hand  labor  is  now  used  in  these  operations  and  the  results 
are  far  from  satisfactory.  The  errors  are  quite  frequent, 
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and  sometimes  can  be  very  large.  We  hope  and  believe 
that  the  machines  now  being  built,  because  of  their 
phenomenal  speeds,  which  enable  you  to  sacrifice  some 
speed  in  exchange  for  checking  time,  will  eventually 
store  Information  much  more  dependably  than  anything 
we  employ  today. 
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by 

Nelson  M.  Biachman 

There  seem  to  be  about  15  different  types  of  digital  input  and 
output  devices  for  use  with  automatic  computers.  One  of  them,  the  key- 
board, is  good  only  for  input.  Four  types  can  be  used  for  either  input 
or  output,  so  that  they  can  also  bs  used  for  3low-access,  large-capacity 
storage.  These  four  are;  Punched  cards,  punched  paper  tape,  magnetic 
tape,  and  magnetic  wire.  The  other  10  types,  good  only  for  output,  are 
all  printers. 

A high-speed  computer  doing  a problem  involving  any  considerable 
amount  of  input  or  output  is  operating  efficiently  only  if  it  is  equipped 
with  high-speed  input  and  output  equipment.  PUNCHED  CARDS  are  fairly  fastj 
they  are  usually  punched  at  the  rate  of  about  2 a second,  that  is,  about 
150  alphabetic  or  numeric  characters  a second.  They  are  read  at  the  rate 
of  2^  cards  a second  on  standard  equipment,  that  is,  200  alphameric  char- 
acters a second,  but  there  are  special  card  readers  that  go  L times  that 
fast.  Punched  cards  have  the  advantage  of  being  widely  used,  easily 
sorted,  easily  altered  by  replacement  with  a new  card,  and  they  can  be 
read  visually  if  necessary. 

PAPER  TAPEo  are  slow.  Tapes  from  5 to  7 holes  wide,  are  read 
and  punched  on  standard  equipment  at  the  rate  of  only  8 frames  or  char- 
acters a second,  but  special  equipment  car.  handle  paper  tape  at  60  frames 
a second.  Also,  there  are  commercially  available  photoelectric  tape 
readers  able  to  read  200  frames  a second  which  can  start  and  stop  the 
paper  without  missing  a frame.  Like  punched  cards,  paper  tapes  can  be 
read  visually,  but  they  are  not  easy  to  alter.  Cr.ce  information  is  put 
on  a tape,  it  can't  get  shuffled  around— which  nay  be  an  advantage  or 
disadvantage.  Punched  paper  tape  seems  to  be  the  most  universal  input 
and  output  medium  for  automatic  digital  computers,  expecially  for  the 
simpler  ones. 

MAGNETIC  T.A?E  is  often  divided  up  into  6 to  8 tracks,  with 
pulses  in  each  track  recorded  at  50  to  100  per  inch.  These  tapes  are 
usually  run  at  30  to  100  inches  a second,  so  that  something  of  the  order 
of  20CO  characters  are  handled  per  second.  Magnetic  tape  is  capable  of 
much  higher  speeds  and  storage  densities  than  punched  cards  or  paper 
tapes.  It  can't  be  read  visually,  but  any  part  of  it  can  be  erased  and 
reised  many  times. 

MAGNETIC  WIRE  is  equivalent  to  single-track  magnetic  tape.  At 
the  Bureau  of  Standards,  wire  ca r c- •.dpes  intended  for  office  use  are  rur. 
at  8 feet  a secor.cl  with  50  pulses  to  x.!.e  inch,  that  is,  with  5000  pulses 
or  about  1000  characters  a second,  but  I'm  told  that  speeds  a dozen  times 
that  fast  are  practical.  Since  the  wire  is  very  thin,  extremely  high 
storage  densities  are  obtained — up  to  « million  bits  per  cubic  inch.  But 
a cartridge  of  magnetic  wire  will  store  only  about  200,000  characters, 
while  a reel  of  magnetic  tape  usually  stores  several  times  as  much. 
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Having  considered  the  U input-output  devices,  we  may  go  on  to 
the  rapidly  developing  field  of  printers  for  computer  output.  PRINTERS 
may  be  classified  as  mechanical,  electrical,  or  electronic.  Among  the 
MECHANICAL  PRINTERS  we  have  first  the  solenoid-operated  typewriter, 
which  is  standard  equipment  on  most  computers,  and  the  solenoid-operated 
adding  machine,  which  can  handle  up  to  abcut  1 $ characters  a second. 

Then  there  is  the  accounting  machine,  such  as  the  IBM  1*07,  which  prints 
2^  lines  a second  of  120  characters  each,  that  is,  300  characters  a 
second.  The  accenting  machine  works  like  the  adding  machine  except 
that  it  has  more  columns,  and  the  type  is  on  rotating  wheels  rather 
than  on  straight  bars.  Next  there  are  "on-the-fly"  printers,  which 
come  in  two  varieties. 

In  one  variety,  made  by  ANelex  and  Shepard,  there  is  the 
equivalent  of  a set  of  wheels  as  in  the  U07  printer,  but  all  of  the 
wheels  rotate  continuously  and  in  unison.  Instead  of  the  wheels  being 
struck  against  the  paper,  hammers  behind  the  paper— one  for  each  column 
to  be  printed— push  the  paper  against  the  ribbon  and  wheel  at  the  instant 
when  the  desired  character  is  passing  by.  Characters  are  printed  in 
different  columns  at  different  instants  instead  of  being  printed  simul- 
taneously as  in  U07,  and  it  is  important  that  the  paper  should  not  move 
during  the  printing  of  a line  of  information.  The  problem  of  getting 
the  paper  to  move  quickly  and  stop  quickly  is  one  of  the  principal 
difficulties  in  developing  high-speed  printers.  It  is  also  one  of  the 
chief  difficulties  with  magnetic  tapes  and  wires. 

The  ANelex  and  Shepard  printers,  sonetimes  called  '’wheel 
printers",  are  able  to  print  1 5 to  20  lines  a second,  each  having  1*0 
to  i>6  characters,  that  is,  about  800  characters  per  secord.  Another 
problem  presented  by  printers  handling  a line  more  or  less  all  at  once 
is  the  necessity  of  storing  a whole  line's  worth  of  information  so  that 
the  printer  can  act  on  it  simultaneously.  These  "wheel -type" printers 
are  sold  without  any  storage,  and  the  user  must  supply  one. 

The  other  type  of  "on-the-fly"  printer  is  represented  by  the 
Potter  Flying  Typewriter.  Instead  of  using  a separate  wheel  for  each 
column,  it  uses  a single,  large  wheel  that  rotates  about  a vertical 
axis,  so  that  each  of  the  up  to  6Li  different  characters  on  the  edge  of 
the  wheel  passes  every  position  in  the  line  to  be  printed  in  the  course 
of  one  revolution.  A hammer  behind  each  of  the  5c  column  positions 
strikes  the  paper  against  the  ribbon  and  wheel  as  the  desired  character 
passes  by.  In  its  present  form,  the  printer  is  operated  at  5 lines  a 
second,  that  is,  liOO  characters  a second.  The  intricate  timing  problems 
are  solved  by  the  use  of  60  binary  electronic  counters,  which  are  also 
used  as  a shifting  register  to  receive  and  store  the  information  to  be 
printed. 

The  fourth  and  last  type  of  mechanical  printer  is  the  "matrix- 
type  printer,"  which  forms  characters  by  a selection  of  dots  from  an 
array  of,  usually,  5 dots  by  7.  Tne  dots  are  made  by  the  pressure  of 
thin  wires  or  "styli"  against  a carbon  ribbon.  The  styli  can  be  actuated 
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up  to  20C0  times  a second,  so  that  they  are  capable  of  ®xtrcmely  high 
printing  speeds,  but  the  Eastman  Kodak  printer  prints  only  a fifth  of 
a character  at  a time  (one  column  of  dots),  so  that  the  speed  of  one 
printing  assembly  is  only  3 or  h hundred  characters  a second.  In  print- 
ing addresses,  L assemblies  are  used  to  print  the  h lines  of  an  address 
at  the  same  time,  though,  quadrupling  the  speed. 

The  Control  Instrument  Co.  version  of  the  matrix  printer  has 
36  assemblies  of  wires  each,  so  that  it  can  print  a line  of  36  char- 
acters all  at  once,  but  its  speed  is  apparently  limted  by  the  paper- 
motion  problem  of  15  lines  a second.  These  matrix-type  printers  require 
a lot  of  electronics  to  select  the  proper  stylij  and  the  crowding  of  all 
the  styli  into  a small  space  has  taken  a good  d*»al  of  ingenuity. 

ELECTRICAL  PRINTERS.  The  Atomic  Instrument  Co.  has  developed 
a printer  tnat  records  500  three-digit  numbers  a second  on  a continuously 
moving  strip  of  Teledeltos  paper.  Each  digit  is  formed  by  a selection  of 
dot*s  from  a 3 x 5 array;  a set  of  tungsten  wires  is  made  to  spark  through 
the  gray  Teledeltos  paper,  revealing  the  black  inner  layer.  Improved 
models  of  this  printer  are  supposed  to  use  bigger  arrays  so  that  a greater 
variety  of  characters  car.  be  produced,  and  a larger  number  of  columns— up 
to  the  width  of  a page. 

The  Hogan. Laboratories  and  Austin  Co.  have  proposed  digital 
recorders  using  special  types  of  paper  that  are  narked  by  the  passage  of 
an  electric  current,  but  they  have  apparently  not  yet  built  these  devices. 

General  Electric  has  been  working  on  a system  called  "Ferro- 
magnetography,"  This  system  resembles  somewhat  the  wheel-type  printer, 
but  the  hammers  are  replaced  by  electromagnets  which  put  magnetic  images 
of  the  characters  on  a wide  magnetizable  tape.  The  tape  is  passed  through 
a suspension  of  magnetic  particles,  which  adhere  to  the  magnetized  regions 
and  are  then  transferred  to  the  paper.  Additional  copies  can  be  made  by 
passing  the  still  magnetized  tape  through  the  suspension  again,  or  it  can 
be  demagnetized  for  the  printing  of  new  information.  An  experimental 
model  of  this  printer  is  capable  of  liO  lines  a second,  and  a line  width  of 
120  characters  is  proposed,  but  the  paper-motion  problem  has  not  been 
considered. 


ELECTRONIC  PRINTERS.  Engineering  Research  Associates  has  built 
an  experimental  model  of  a "Magnetic  Numeroscope  Printer,"  which  uses 
magnetic  dnar.3  on  which  are  permanently  recorded  the  signals  necessary  to 
make  the  beam  of  a cathode-ray  tube  write  the  decimal  digits  on  its 
screen.  Additional  deflection  voltages  place  these  digits  on  the  proper 
part  of  the  screen  so  that  100  characters  can  be  written  on  a line,  5 
tunes  a second,  n microfilming  camera  is  used  to  record  the  images. 
Improvements  contemplated  in  the  Numeroscope  Printer  would  increase  its 
speed  f rcm  500  characters  a second  to  8000  and  would  allow  LO  different 
characters. 


At  the  Naval  Research  Laboratory,  a display  device  has  been 
devised  using  a monoscope  to  control  the  formation  of  sexadecimal  digits 
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on  the  display  tub®.  The  cathode-ray  beams  in  the  monoscope  ar.d  display 
tubes  are  made  to  scan,  respectively,  the  desired  digit  and  the  part  of 
the  screen  where  it  is  to  appear.  The  mono scope  electrode  controls  the 
beam  current  in  the  display  tube. 

Consolidated  Vbltee  is  developing  a special  type  of  cathode- 
ray  tube  called  the  "Charactron,"  vnich  has  two  sets  of  deflection 
electrodes.  Between  the  two  sets  is  a plate  stenciled  with  up  to  61i 
different  characters.  The  first  set  of  deflection  electrodes  causes 
the  beam  to  pass  through  the  desired  hole,  giving  it  the  shape  of  the 
character  to  be  displayed;  the  second  set  deflects  the  beam  to  the 
position  on  the  screen  where  this  character  is  to  appear.  The  Charactron 
is  supposed  to  have  a speed  of  about  10,000  characters  a second.  Record- 
ing nay  be  accomplished  by  the  use  of  "Xerography,"  which  uses  electro- 
static forces  in  much  the  same  way  that  magnetography  uses  magnetic. 

The  light  from  the  Charactron  screen,  focused  on  the  surface  of  a charged 
xerographic  drum,  would  disc'.iarge  the  areas  where  it  fell.  These  areas 
would  be  able  to  pick  up  particles  fran  a suspension  and  transfer  them  to 
paper,  to  which  they  would  be  fixed  by  momentary  heating. 

The  Wang  Laboratory  and  Laboratory  for  Electronics  in  Boston 
have  developed  a cathode-ray  display  with  a speed  of  12,000  characters 
a second.  It  uses  a 7 x d array  of  magnetic  cores  through  which  is 
threaded  one  wire  for  each  different  character,  in  the  shape  of  that 
character.  One  wire  is  selected  every  80  micro-seconds  to  control  the 
beam  current  in  the  display  tube.  The  cores  are  pulsed  sequentially 
as  the  beam  scans  the  area  where  the  character  is  to  appear.  A model 
of  this  device  is  workit.g,  with  input  from  a 10-column  keyboard.  Since 
it  is  intended  only  for  display,  nothing  is  being  done  about  recording 
its  output.  A similar  device  using  a complicated  diode  switching  net- 
work in  place  of  the  magnetic -core  array  is  in  use  on  a computer  in 
Paris.  Its  speed  is  also  12,000  digits  a second,  and  its  output  is 
recorded  photographically  on  35 -mm  film.  These  electronic  printers 
are  so  fast  that  they  raise  the  question  of  what  to  do  with  all  the 
output. 


This  covers  the  15  types  of  input  and  output  devices  I know 
of.  Lt. Rossheim  deserves  credit  for  gathering  much  of  the  information 
I've  presented.  He  and  I have  written  a report  on  "High-Speed  Printers 
for  Digital -Computer  Output"  for  the  Office  of  Naval  Research.  There 
are  a few  copies  left  which  are  available  to  those  of  you  who  may  need 
them. 


SUMMARY  OF  GENERAL  DISCUSSION  ON 
PAPERS  BY  CANNON,  RABINOW,  AND  BLACHMAN 

Dr.  C.  B.  Tompkins  commented  that  not  all  scientific  research 
nor  all  engineering  development  is  of  a casual,  experimental  nature. 

In  the  development  of  computing  machinery  some  people  have  applied  their 
ingenuity  to  making  very  fast  machines,  others  to  building  reliable  ones, 
with  more  or  le^s  pre 'lie tabic  results.  Business  machine  manufacturers 
in  general — Bell  Telephone  Labora toxics.  International  Business  Machines, 
and  National  Cash  Register,  for  example— have  built  reliable  equipment, 
which  they  predicted  would  be  reliable.  Dr,  Cannon's  point  was  that  in 
some  problems,  we  have  to  pick  relic  hi lity  in  lieu  of  speed,  if  we 
cannot  have  both  features  in  the  same  device. 

Mr.  Rabinow  stated  that  not  a casual  approach  to  design  but 
rather  the  infancy  of  the  art  of  computer  development  is  the  factor 
responsible  for  the  limited  reliability  of  the  high-speed  computer. 
Manufacturers  of  business  computing  devices,  on  the  other  hand,  have 
had  long  years  of  experience  and  their  new  equipment  is  often  excellent. 
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A DESCRIPTION  OF  THE  LOGISTICS  COMPUTER 

BY 

Lt.  R.  J.  Rossheiit,  USNR 
Office  of  Naval  Research,  Logistics  Branch 


On  February  17,  1953,  there  was  delivered  to  the  George 
V/ashington  University  Logistics  Research  Project  a special  purpose 
electronic  computing  machine  named  the  Logistics  Computer.  It  was 
built  under  contract  with  the  Logistics  Branch  of  the  Office  of  Naval 
Research  by  the  Engineering  Research  Associates  Division  of  Remington 
Hand.  The  primary  reason  for  its  construction  is  to  assist  research  in 
the  science  of  logistics  by  providing  an  instrument  for  rapid  and  effec- 
tLu*  data-handling  and  computation.  This  paper  will  trace  the  history  and 
development  of  the  computer,  and  describe  the  equipment  and  its  operation 
in  general  terms.  The  description  is  intended  to  suggest  some  of  the 
uses  to  which  the  computer  may  be  put,  and  later  todav  Mr.  Wolf  of  the 
Logistics  Research  Project  will  describe  in  some  detail  a particular 
application  of  the  computer. 

In  accordance  with  an  assigned  mission  of  the  Logistics  Research 
Project  to  explore  the  use  of  modern  high-speed  data-handling  and 
computing  technique-  in  logistic  applications,  the  general  specifications 
for  a machine  designed  to  perform  appropriate  operations  were  first 
formally  set  dowi  at  the  end  of  1950*  A paper  prepare i by  Dr.  C.  B. 
Tompkins,  then  Principal  Investigator  of  the  Logistir  . Research  Project, 
suggested  in  some  detail  the  possible  design  oi  n pr  totype  logistics 
computer  and  the  hardware  components  which  night  be  .sed  in  it. 

All  of  the  Navy  Bureaus,  the  Karine  Corps,  and  other  interested 
supply  people  were  approached  and  were  asked  to  express  their  opinions  on 
the  utility  of  the  proposed  equipment.  They  were  also  asked  to  describe 
any  of  their  problems  ;.*hich  required  considerable  data-handling  and 
computation.  Some  of  the  problems  were  analyzed  in  sufficient  detail  by 
members  of  the  Logistics  Research  Project  to  yield  some  quantitative 
figures  describing  the  efficacy  of  the  hypothetical  computer.  I should 
like  to  discuss  very  briefly  the  characteristics  of  these  problems  which 
led  directly  to  the  creation  of  the  Logistics  Computer. 

An  Inventory  Control  Problem  of  the  Aviation  Supply  Office  (Hg.1) 
involve-  the  use  of  planning  information,  usage  factors,  and  inventory 
reports  to  calculate  net  item,  requirements  l or  each  of  50  supply  bases. 

The  computation  involved  i$  basically  one  of  accumulating  gross  require- 
ments of  items  by  multiplying  planned  activity  levels  by  the  item  usage 
factors.  For  example,  if  50  engine  overhauls  were-  scheduled,  then  the 
itemwise  usare  factor  list  indicating  tho  requirements  for  parts  to 
accomplish  one  overhaul  would  be  multiplied,  item  by  item,  by  50.  The 
requirements  generated  by  this  one  activity  would  then  be  added  to 
previously  accumulated  requirements,  and  this  process  continued  until  all 
plajmed  activities  had  been  considered.  Gross  requirements  thus  computed 
would  be  subtracted  from  inventory  levels,  item  by  item,  to  determine  net 
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requirements  and  to  initiate  purchases  or,  perhaps,  to  revise  the 
activity  levels. 

An  Advanced  Base  Critical  Item  Problem,  (Fig.  2 ) based  on  the 
requirements  for  critical  items,  involves  making  a loeistic  feasibility 
test  of  a plan  for  advanced  base  development.  Planning  data,  consisting 
of  numbers  of  advanced  bases  of  different  types  scheduled  over  a period 
of  time,  are  applied  against  allowance  lists  of  critical  items  (which 
may  also  involve  tLme  in  the  form  of  procurement  lead  times).  The  basic 
computation  is  again  one  of  multiplying  the  appropriate  allowance  list  by 
a planning  number,  accumulating  gross  requirements  of  specific  items  at 
specific  times.  With  t.he  total  itemvise,  time-phased  demand  thus  stated, 
there  rmains  lor  consideration  the  supply  picture  to  test  the  logistic 
acceptability  of  the  plan.  If  it  is  shown  that  the  plan  is  not  acceptable 
that  certain  critical  items  can  not  be  available  at  the  proper  time — the 
plan  must  be  tailored  or  modified  by  eliminating  or  delaying  one  or  more 
bases  and  recomputing  the  rcmuiremeo.ts. 

Ordnance  Supply  Office  Spare  Parts  Requirements  Problem 
is  to  stock  an  overseas  base  with  ordnance  spares  sufficient  to  support 
a given  naval  force.  Siartin:  with  a specified  group  of  ships,  the 
population  of  maiur  ordr.onct  equipments  is  computed.  Major  items  are 
then  broken  down  into  r cpltni.l'able  components  or  items,  and  the  sums 
of  these  iten3  in  the  entire  force  are  computed.  Usage  factors  are  then 
applied,  item  by  iter,  to  these  totals  resulting  in  the  numbers  of 
replacements  expected  to  be  needed  by  the  ..aval  force  over  a specified 
period  of  time.  Thi3,  then,  is  a three-level  breakdown  computation 
involving  multiplication  and  addition  to  pa33  from  one  level  to  the  next 
lower,  and  finally  a multiplication  of  usare  factor  times  total  quantity 
of  items,  foi  each  different  item  in  the  population,  to  find  replacement 
requirements. 

each  of  the  problems  referred  to  was  attacked  by  using  the 
hypothetical  logistics  computer.  Data  preparation  ar.d  computational 
procedures  were  described  in  precise  detail  and  time  estimates  for 
solution,  based  upon  a realistic  quantitative  analysis,  were  made. 

I would  like  to  emphasize  the  principal  computational  asoects 
of  these  problems  so  that  you  nay  understand  tl”  reasons  for  the  special 
features  of  the  computer.  It  mu3t  be  immediate! v aoparont  that  a major 
consideration  is  ehe  mere  handling  of  the  tremendous  ^"antitias  of  data 
necessary  to  solve  these  problems  on  the  required  level  of  detail. 
Depending  on  the  problem,  thousands,  tens  of  thousands,  or  hundreds  of 
thousands  of  different  items  must  be  accounted  for,  and  very  often  there 
are  multiple  entries  to  be  made  for  a single  item.  Another  clearly 
indicated  aspect  which  is  common  to  these  problems  is  that  in  each  case 
there  ere  millions  of  data  transfers  and  basic  arithmetic  operations, 
but  on  any  single  unit  of  data  there  are  relatively  few  operations. 
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A DESCRIPTION  OF  THE  LOGISTICS  COMPUTER 


Moreover,  they  are  straightforward  and  simple.  It  is  the  difference 
between  multiplying  one  pair  of  numbers  and  100,000  pairs  that  is 
important. 


The  inventory  operation  points  up  the  need  for  a large,  easily 
accessible  file  or  central  information  storage  system  which  contains  at 
all  times  the  current  stock  levels  of  all  the  items  in  the  system.  In 
addition  to  pure  si2e,  since  we  can  not  normally  forecast  the  order  in 
which  item  transactions  will  occur,  it  would  be  most  convenient  to  be 
able  to  search  out  quickly  and  at  any  time  information  about  any  item  in 
the  system,  jtated  in  computer , lingo,  we  would  like  a rapid  arbitrary 
access  storage  device  in  which  any  selected  unit  of  information  may  be 
modified  without  affecting  any  other  infoi Nation  in  the  system. 

..hat  about  the  arithmetic  properties  of  the  machine?  It  is 
clear  that  addition,  subtraction,  and  multiplication  are  the  operations 
repeatedly  called  for,  and  division  docs  not  seem  to  be  justified.  It 
has  been  pointed  out  that  the  basic  operations  of  the  computer  would 
normally  be  combined  in  relatively  short,  simple  sequences,  and  that 
precisely  the  same  sequence  of  operations  would  be  performed  on  each 
successive  unit  of  data.  These  considerations  have  largely  determined 
the  design  of  the  arithmetic  and  control  units  of  the  computer. 

After  satisfactory  completion  of  the  initial  phases  of  the 
analysis  which  I have  described,  a contract  was  let  by  the  Office  of 
Naval  Research  to  perform  research  jrd  to  rr.n struct  a prototype  Logistics 
Computer.  It  was  intended  that  the  contract  should  run  approximately 
1^  years,  starting  on  the  first  of  March  1951.  It  consisted  of  four 
phases s 


Phase  I included  investigation  by  the  manufacturer  of  the 
logistics  problems  mentioned  earlier.  At  the  end  of  this  phase  the 
computer  specifications  were  determined  jointly  by  the  Office  of  Naval 
Research,  the  Logistics  Research  Project,  and  Engineering  Research 
Associates. 


Phase  II  consisted  of  research  and  development  of  hardware 
which  resulted  in  a breadboard  model  of  the  computer.  It  might  be  noted 
here  that  it  was  during  this  phase  that  continued  problem  analysis  by 
the  Logistics  Research  Project  and  logical  design  analysis  by  the  manu- 
facturer's engineers  led  to  some  changes  resulting  in  additional  flex- 
ibility in  the  operation  of  the  computer.  The  flexibility,  it  was 
decided,  was  desirable  in  a prototype  equipment  to  be  used  for  research. 
Subsequent  models  intended  for  routine  operational  applications  might  not 
require  all  the  features  of  the  prototype  machine  and  would,  therefore, 
be  scaled  down  in  size  and  complexity. 

Phase  III  covered  the  construction  of  n working  model  of  the 

computer. 
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Phase  IV  of  the  contract  provided  a period  for  operational 
testing  prior  to  acceptance.  It  was  completed  in  February  1?53  and  the 
Logistics  Computer  is  being  operated  by  the  Lori  sties  Research  Project. 

The  computer  has  the  following  general  features: 

1.  It  is  designed  to  read  at  high  speed  and  to  process  large 
quantities  of  decimal  data  previously  punched  on  standard  teletype  paper 
tape.  The  computer  is  unusual  in  that  normal  operation  provides  for 
simultaneous  data  input  and  computation. 

2.  The  computer  is  capabLe  of  performing  one  or  two  sequences 
of  simple  data-handling  and  arithmetic  operations  on  each  unit  of  data  as 
it  is  read  into  the  computer. 

3.  An  information  storage  unit  internal  to  the  eoroputer  will 
retain  up  to  l60,0QG  decimal  digits.  These  numbers  may  be  initial  data 
to  be  processed,  intermediate  results,  or  final  results  before  they  are 
taken  out  of  the  machine.  The  means  of  referring  to  any  of  these  digits 
is  easy  and  quick.  Access  to  any  number  in  the  systen  is  practical  and 
efficient  and  there  is  no  need  to  consider  the  order  of  reference. 

ii.  Maximum  reliability  of  operation  ha3  been  consistently 
emphasized  in  tht  construction  of  the  machine.  Tt-  has  been  understood 
by  all  concerned  that  the  usefulness  of  3uch  a computing  equipment  is 
based  upon  complete  reliability.  Wherever  possible,  computer  component 
types  have  been  chosen  which  have  been  successfully  tested  and  u3ed  on 
other  equipments. 

Both  the  setting  up  or  programming  of  the  computer,  and  its 
operation  are  intended  to  be  simple  and  straightforward,  so  that  a small 
amount  of  training  will  prepare  people  to  use  the  machine.  It  is  my 
belief  that  the  people  who  now  supervise  the  manual  or  punched  card  pro- 
cedures in  activities  performing  the  operations  for  which  the  Logistics 
Computer  is  suited,  could  easily  learn  to  use  the  computer. 

In  addition,  from  the  start  it  has  been  visualized  that  the 
computer  might  be  the  heart  of  ar.  extensive  data-proces3ing  system. 
Recalling  the  aviation  Supply  Office  problem,  earlier  described,  in  which 
computations  for  SO  widespread  activities  were  to  be  carried  out  at  some 
central  control  point,  we  are  reminded  that  it  is  necessary  for  the  com- 
puter to  have  communication  with  all  its  data  sources.  With  this  in  mind, 
punched  paper  tape  compatible  with  standard  teletype  gear  was  selected  as 
the  medium  of  communication  between  the  computer  and  the  outside  world. 

The  Logistics  Computer,  (Fig.  3)  like  all  large-scale  computers, 
may  be  divided  into  three  basic  sections--the  input  section,  the  computing 
section  (including  arithmetic,  control,  and  storage  units)  and  the  output 
section.  The  computing  units  basically  handle  information  in  pulse  form. 
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permitting  operations  at  electronic  speeds.  The  input  system  must  work 
with  a medium  capable  of  performing  the  conversion  between  human  speeds 
and  computer  speeds.  The  output  section  must  effect  the  opposite  con- 
version, making  the  results  intelligible  to  the  user. 

In  this  computer  the  medium  presently  being  used  to  communicate 
data  into  and  out  of  the  machine  is  standard  Teletype  punched  paper  tape. 

A photo-electric  tape  reader  is  used  to  convert  the  information,  punched 
in  the  tape,  to  pulse  form  in  the  computer.  The  reader  is  capable  of 
sensing  300  lines  of  tape  per  second,  and  each  line  contains  a decimal 
digit. 

Numerical  data  and  control  signals  are  sent  from  the  reader  to 
the  arithmetic  and  control  units,  as  soon  as  a unit  of  data  is  trans- 
mitted tc  the  central  computer,  a sequence  of  operations  is  initiated  by 
the  control  unit.  Those  operations  will  include  additions,  subtractions, 
multiplications,  data  transfers,  and  others  — all  of  which  are  performed 
on  numbers  temporarily  stored  in  the  arithmetic  section,  and  under  super- 
vision of  the  control  unit.  The  order  of  speed  of  these  operations  is 
Indicated  by  the  fact  that  single  digit  additions  (i.e.,  2^3*5)  can 
be  performed  at  the  rate  of  30,000  to  1*0,000  per  second.  Multiplications 
of  two  six-digit  numbers  are  performed  at  100  per  second.  Closely.  . 
associated  with  the  arithmetic  and  control  sections  is  the  large  internal 
storage  unit,  a magnetic  drum  capable  of  storing  160  f000  decimal  digits. 
During  a sequence  of  operations  on  a unit  of  data,  reference  to  this 
central  file  may  be  made  to  read  out  previous  results,  or  to  store  inter- 
mediate and  final  results.  Up  to  60  of  these  references  to  storage  may 
be  made  per  second  without  regard  to  the  order  in  the  file  in  which  the 
references  are  made.  Once  the  selected  position  in  the  storage  is 
located,  decimal  dirits  are  transferred  at  the  rate  of  220,000  per  second. 

When  the  point  in  the  processing  is  reached  at  which  it  is 
desired  to  convert  answers  stored  in  the  computer  to  punched  tape,  this 
is  performed  by  a standard  electro-mechanical  tape  punch  at  10  digits  per 
second.  The  punched  tape  may  then  be  interpreted  by  using  it  to  control 
a decoding,  standard  electric  typewriter  at  It  to  8 characters  per  second. 

The  magnetic  tape  equipment,  currently  under  development  but 
not  yet  in  U3e  with  the  computer,  will  serve  twe  major  functions.  In 
situations  requiring  the  recording  of  thousands  of  answers,  the  speed 
advantage  it  has  over  mechanical  punching  (60  to  1)  affords  a consider- 
able time  saving.  The  second  function  is  that  of  a semi-permanent,  large 
capacity  storage  external  to  the  computer.  For  instance,  an  inventory 
which  has  just  been  brought  up-to-date  and  stored  on  the  drum,  may  be  read 
out  onto  magnetic  tape  at  hi^h  speed,  thu3  freeing  the  computer  for  other 
operations.  We  expect  that  a complete  drum  load  of  25,000  numbers  will 
be  read  out  onto  mametic  tape  in  15  minutes. 

Pig.  h will  indicate  to  a certain  extent  what  is  inside  the 
blocks  described  above  and  how  the  units  are  tied  together. 
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The  photoelectric  tape  reader  senses  tape  continuously,  trans- 
mitting the  data  into  the  Input  Register.  There,  each  unit  of  data  is 
assembled  and  when  the  computer  signals  that  it  is  ready,  the  data  is 
squirted  out  ol  the  buffer  r tor are  Input  Register  at  high  speed  into  the 
electronic  registers  of  < hr  amluetlc  section,  uach  unit  oi  data  may 
have  two  parts  — a five  digit  number  which  au tom. \ tic ally  is  sent  to  the 
Address  Register,  and  a six  digit  number  which  goes  into  the  Multiplicand 
Register.  The  number  in  the  Address  Register  may  be  identified  with  a 
particular  item  in  the  problem.  It  is  assigned  also  as  reference  to  a 
particular  location  in  the  storage,  since  the  computer  storage  system 
breaks  down  the  five  digit  number  in  the  hddre3s  Register  to  select  one 
of  the  fifty  channels  along  the  axis  of  the  drum,  and  to  select  one 
location  around  the  periphery  in  the  chosen  channel. 

The  Keyboard  provides  a means  lor  manual  insertion  into  the 
arithmetic  registers  of  numbers  which  are  used  initially  in  a computation 
or  which  remain  constant,  during  it. 

The  flow  of  information  through  the  computer  is  indicated  by 
the  arrows  (rig.  lj).  All  operations  are  serial  with  respect  to  decimal 
digits.  The  electronic  registers  are  of  various  lengths,  one  digit, 
two  6 digit,  and  two  12  digit.  The  number  in  any  cne  of  them  may  be 
copied  out  onto  the  main  bus  (the  original  number  remains  in  the  register, 
shifting  circularly).  Numbers  may  be  transferred  normally,  or  trans- 
ferred with  change  of  sirn;  they  may  be  added,  subtracted,  multiplied,  or 
stored,  any  register  may  also  be  made  to  receive  the  results  of  an 
operation. 


Some  specifications  of  the  magnetic  drun  storage  system  mav  be 
of  interest.  It  is  a cast  aluminum  cylinder  8^  inches  in  diameter  and 
lh  inches  long.  Its  surface  is  treated  with  a fcrro-mapnetic  material 
capable  of  permanently  recording  the  numbers  handled  by  the  computer. 

The  effective  density  of  the  information  around  the  drum  is  about  120 
pulses  per  inch  baaed  on  the  non-return- to-zero  system.  Both  recording 
and  reading  are  performed  by  the  sane  dual-purpose  head  which  controls 
the  infomation  in  the  channel  passing,  beneath  it  during  rotation  of  the 
drum.  A magnetization  pattern,  representing  a number,  will  remain  on  the 
drum  indefinitely,  or  until  another  pattern  is  rocorded  over  it.  A 
number  may  oe  copied  off  the  drum  tine  and  time  again. 

Storage  locations  for  decimal  numbers  may  vary  in  size  from  U 
to  12  decimal  digits  incl"sive,  although  only  one  number  length  may  be 
specified  on  the  drum  at  a time,  detween  13,000  and  31,000  numbers  may 
be  stored  simultaneously  on  the  drum  surface,  depending  cn  the  number 
length  selected. 
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The  Operations  Counter  is  a decimal  counter  which  may  be 
stepped  up  one  count  at  a time.  ..ssociated  with  the  counter  is  a machine 
instruction  which  permits  repetition  of  a sequence  of  operations  a cer- 
tain number  of  times,  after  which  another  different  sequence  may  be 
performed. 


The  output  pates  are  U3ed  to  synchronize  the  crav/ling  speed  of 
the  tape  punch  with  the  lightning  speed  of  the  computer. 

The  relationships  between  all  of  these  units  during  a partic- 
ular calculation  is  pro-determined  by  the  wiring  of  a programming  plug- 
board si nilar  to  those  used  in  office  accounting  machines.  Sequences  of 
instructions  to  the  computer  are  wired  on  the  plugboard  prior  to  running 
a problem.  The  plugboard  may  be  inserted  into  the  machine  in  a matter 
of  seconds.  A set  of  standard  plugboards  which  instruct  the  computer 
to  perform  recurrent  operations  may  be  permanently  wired  so  that  they 
may  be  ready  for  use  at  any  time.  Wew  plugboards  to  perform  unusual 
operations  can  be  wired  in  from  10  minutes  to  an  hour  dependinr  on  tneir 
complexity. 

A typical  instruction  consist  of  u parts  called  commands,  each 
represented  on  the  plugboard  by  a single  wire.  For  example,  to  transfer 
a 6 digit  mmber  from  the  Multiplier  Register  to  the  drur.  requires  the 
following  Lt  command  wires:  One  to  Multiplier  Register  Read  Out  Transfer; 

one  to  Drum  Read  In;  one  to  the  operation  Korm.il  Transfer;  and  one  to 
cycle  length  6 indicating  the  number  of  decimal  digits. 

I would  like  now  to  demonstrate  how  these  units  art*  tied 
together  under  typical  operating  conditions: 

Let  us  suppose,  for  example*,  tnat  we  have  a simplified  version 
of  the  critical  itei  problem  mentioned  before,  (Fig  2).  We  want  to  know 
the  logistic  acceptability  of  a certain  plan  involving  numbers  of  various 
organizational  units.  './ ith  each  organizational  unit  is  associated  an 
allowance  list  containinr  the  quantities  of  critical  items  necessary  to 
outfit  the  unit.  Before  we  perform  the  computation,  the  data  comprising 
each  allowance  list  must  be  punched  on  a paper  tape.  Each  unit  of  data 
on  the  tape  describes  the  quantity  of  a specific  critical  item  needed  for 
the  organizational  unit.  The  tape  contains  an  item  identification  number 
and  the  quantity  needed.  Where  similar  critical  items  appear  on  other 
allowance  list  tapes,  they  must  be  tagged  with  the  same  identification 
number. 


These  tapes,  one  for  each  organization,  contain  relatively 
Tixed  information  and  represent  a basic  file  of  allowance  lists.  Of 
course,  they  may  be  periodically  brought  up-to-date.  The  tapes  may  be 
punched  manually  using  a tape  punch  with  a keyboard  similar  to,  but 
simpler  than,  an  accounting  machine  card  punch,  or,  if  the  allowance 
lists  already  exist  on  punched  cards,  tapes  may  be  punched  autoi'iat-tcally 
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by  a card-to-tapc  converter  which  operates  at  the  rate  oT  10  digits  per 
second,  punching  decimal  codes  on  paper  tape. 

Given  these  allowance  list  tapes,  and  a knowledge  of  the  compu- 
tation involved,  the  next  step  is  to  prepare  a programming  plugboard  which 
will  be  plugped  into  the  computer  to  select  and  to  control  the  sequence 
of  operations  in  this  particular  computation.  Let  us  review  the  data- 
Drocessing  operations  in  terms  of  computer  instructions. 

Let  us  say  that  our  plan  calls  for  the  outfitting  of  5 Tvpe  A 
organizational  units,  './hat  vc  will  do  is  feed  the  allowance  list  tape 
for  Type  A into  the  computer,  multiply  a single  unit  of  data  hv  5 and  add 
the  resulting  product  to  the  amount  of  that  particular  critical  item 
already  required  for  units  previously  considered.  We  will  then  store  on 
the  magnetic  storage  drum  the  current  total  requirement,  ami  proceed  to 
the  next  number  frc.n  the  tape. 

>s  each  unit  of  data  is  read  from,  the  tape  into  the  computer, 
the  item  number  is  automatically  transferred  to  the  Address  Register 
which  controls  the  point  of  acce3s  to  the  storage  drum.  Ve  have  selected 
and  assigned  these  item  numbers  with  some  thought  so  that  the  arrangement 
of  the  data  on  the  drum  is  consistent  with  the  operation  of  the  storage 
system.  The  item  number  prepares  the  computer  tc  reach  into  its  memory 
and  copy  out  the  quantity  of  the  desired  critical  item  required  by 
preceding  tape  runs.  The  first  instruction  on  the  programming  plugboard 
is  to  transfer  the  previous  requirement  from  the  storage  drum  to  one  of 
tne  arithmetic  registers  where  the  computer  is  able  to  work  on  it.  The 
other  part  of  the  unit  of  data  from  the  tape  representing  the  amount  of 
the  item  in  question  in  Type  A unit  is  automatically  placed  in  another 
<11  i.  Line  tic  register  • 

Since  we  want  to  multiply  by  five  every  item  on  this  allowance 
list  tape,  we  may  manually  insert  into  a third  register  (using  the  key- 
board) the  number  five,  before  the  tape  is  run  into  the  machine.  The 
second  step  in  the  sequence  of  computer  operations  is  to  multiply  5 times 
the  quantity  from  the  tape  and  to  add  the  product  to  the  previous  require- 
ments, The  third  step  is  to  transfer  the  newly  computed  total  back  to 
storage. 


The  identical  1,  2,  3 sequence  oi  "read  from  storage,  compute, 
ana  return  to  storage"  is  repeated  for  each  item  on  the  tape  as  it  is 
read  into  the  computer  at  the  rate  of  25  units  oi  data  per  second. 

When  a complete  tape  has  been  read;  tht  computer  pauses  while 
a new  multiplier  for  organization  Type  B is  manually  inserted,  and  the 
B allowance  list  tape  is  placed  in  the  photoelectric  reader. 

.fter  all  tapes  have  been  run,  the  storage  drum  has  recorded 
on  its  surface  the  pros3  requirements  of  all  critical  items  demanded  by 
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the  plan.  An  inventory  tape  may  then  be  run  into  the  computer  to  cal- 
culate net  requir«fients.  It  might  then  be  desirable  tc  punch  out  a tape 
indicating  all  critical  items  which  would  be  depleted  by  the  plan  under 
consideration.  Tailoring  of  tt.e  original  plan  may  then  proceed,  using 
the  information  on  the  drum  and  running  in  selected  allowance  list  tapes 
with  different  multipliers  than  originally  planned. 

It  is  evident,  I think,  from  the  description  of  the  computer, 
that  we  are  and  will  continue  to  be  i'3ced  with  proolens  involving  the 
preparation  and  input  ol  data,  and  other  problems  involving  the  output, 
printing  and  dissemination  of  resulting  data. 

At  present  we  have  manual  methods  of  punching  tape  limited  by 
the  dexterity  of  the  human  operator;  and  we  have  automatic  means  of 
converting  I3h  cards  to  input  tape  for  the  computer.  This  is  a standard 
piece  of  IBM  equipment  limited  in  speed  by  the  mechanical  tape  perfora- 
tion process.  inly  through  multiplicity  ol  these  tape  preparation  units 
can  v:c  expect  to  prepare  tapes  fast  enough  to  keep  the  computer  well  fed. 

Hie  magnetic  tape  equipment  will,  if  it  proves  reliable  and 
satisfactory  in  ofht.r  respects,  enable  us  to  relieve  the  computer  of  its 
highly  uneconomical  chore  of  punching  tapes.  Data  nay  be  dumped  at  high 
3peeds  on  the  magnetic  tape  and  at  ary  convenient  time  or  place  converted 
to  printed  copy  or  to  punched  tape  il  necessary.  Magnetic  tape  will  oro- 
vide  a medium  which  can  feed  any  printer  of  reasonably  high  speed.  It 
will  also  serve  as  a limitless  external  storage  for  data  which  we  may  use 
occasionally  for  short  run3.  It  is  quite  economical  and  compact,  a 1200 
foot  reel  being  capable  of  storing  a complete  drum  load  of  numbers.  Other 
newly  conceived  methods  of  storage  may  also  be  tied  in  with  the  computer. 

hen  and  if  the  magnetic  tape  equipment  is  in  everyday  use,  the 
bottleneck  will  t*»  the  production  of  printed  output.  Present  solutions 
of  this  problem  involve  paralleling  a few  of  the  slower  speed  electric 
typewriters.  We  are  attempting  to  keep  well  informed  about  the  develop- 
ment end  production  of  printinr  equipment  which  will  meet  our  require- 
ments. I feel,  after  having  seen  some  of  the  current  high  speed  printers, 
that  if  wc  were  faced  with  a critical  requirement  for  a printer  tomorrow, 
•we  could  fill  the  need  from  existing  equipment  as  long  as  our  specifica- 
tions for  quality  were  not.  too  rigid. 

.mother  concept  ol  which  ue  are  aware  is  one  that  was  suggested 
by  the  original  problem^  considered  lor  the  computer.  In  the  Aviation 
Supply  Office  problem,  some  fifty  widespread  activities  reported  to  the 
central  inventory  control  point.  We  would  lik*  to  investigate  the  possi- 
bility of  transmitting  source  data  from  each  of  these  poines  via  standard 
Teletype  communications  equipment.  The  data  would  be  received  at  the 
site  of  the  computer  in  a form  which  could  be  fed  directly  into  the 
machine.  .ui  experiment  related  to  this  problem  has  already  been  made 
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with  the  cooperation  of  Western  Union.  Logistics  Computer  data  was  relayed 
to  the  St.  Paul  office  of  Western  Union,  where  the  computer  manufacturer 
is  located,  and  back  to  Washington  on  a standard  line.  The  "message''  con- 
sisted of  8,000  characters.  During  the  entire  round-trip  transmission, 
which  took  about  25  minutes,  only  one  error  was  detect**  j. 

Very  little  can  Le  said  at  this  time  about  the  personnel  and 
operating  requirements  of  a Logistics  Computer  installation.  Currently, 

L to  5 people  vrith  various  degrees  of  mathematical  ability  are  analyzing 
problems  and  preparing  data  for  the  machine.  It  is  thought  that  a single 
maintenance  man  will  suffice  on  a one— snift  operating  basis.  It  should 
be  emphasized  that  this  operation  is  a research  application;  problems  arc 
normally  run  on  a pilot  scale  to  minimize  the  routine  work,  and  they  are 
constantly  being  altered,  or  different  problems  are  being  considered. 

The  personnel  requirements  for  this  type  of  operation  are  much  greater 
than  under  a routine  work  load  such  as  a supply  activity  is  likely  to 
involve. 
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Captain  Long  inquired  if  the  Logistics  Computer  were  available 
for  working  out  current  problems  that  agencies  of  the  Department  of 
Defense  might  have.  Dr.  Rigby  replied  that  the  answer  was  yes,  but 
with  an  important  qualification.  The  intended  primary  use  of  the 
machine  is  as  a research  tool  to  find  out  how  the  resources  of  electronic 
computation  can h est  be  used  in  logistics  work.  Accordingly,  it  is 
expected  to  solve  a wide  variety  of  problems  drawn  from  various  agencies 
of  the  Defense  Department  (principally  Navy,  of  course),  on  a pilot,  or 
demonstration  basis.  If  the  machine  is  to  be  used  for  routine  service 
solution  of  problems  whose  status  as  research  or  pilot  problems  has 
passed,  it  should  be  on  some  kind  of  off-shift  basis,  preferably  with 
the  proprietors  of  the  problems  providing  operators  for  the  machine. 

Captain  Long  asked  if  a problem  would  be  entertained  as  a 
research  program,  for  example,  a problem  in  the  Joint  Chiefs  of  Staff 
that  might  be  applicable  to  solution  by  machine  methods.  Such  a problem 
might  be  recurring  feasibility  testing  which  night  be  readily  adaptable 
to  solution  by  such  means.  Dr.  Rigby  replied  that  such  problems  are 
welcome  for  trial  on  the  Logistics  Computer.  In  fact,  it  is  expected 
that  a good  deal  of  time  will  be  spent  on  the  solution  of  such  problems — 
even  of  problems  that  recur  repeatedly --and  also  odd  jo'03,  as  long  33 
they  can  be  justified  as  research.  It  is  believed,  of  course,  that,  it 
would  be  improper  for  a research  activity  such  as  the  Logistics  Research 
Project  to  become  an  operating  service  agency  for  machine  solution  of 
logistics  problens  on  a routine  basis — this  would  certainly  be  a misuse 
of  research  talent.  However,  the  Office  of  Naval  Research  is  anxious  to 
cooperate  with  all  Defense  Department  activities  having  logistics  problems 
potentially  capable  of  machine  solution  in  exploring  the  extent  to  which 
the  computer* 3 capacity  can  contribute  to  effective  logistic  planning 
and  operation. 

In  response  to  questions  by  Commander  Tynan,  identification 
of  items  within  the  computer — the  conversion  of  stock  numbers  to  control 
numbers — and  the  trial  of  inventory  control  problens  were  discussed  by 
Dr.  Rigby  and  Captain  Hunt.  The  conversion  of  stock  numbers  can  be 
mechanized  in  some  applications.  The  need  for  such  conversion  is  not 
unique  with  the  Logistics  Computer;  it  is  even  a mere  pressing  problem 
in  the  case  of  computers  of  smaller  internal  storage  capacity. 

With  respect  to  the  second  question  of  Commander  Tynan, 

Dr.  Rigby  pointed  out  that  the  inventory  control  problem,  a problem  of 
a type  handled  at  a jDCP,  was  one  of  the  problems  used  tc  determine  the 
design  characteristics  of  the  Logistics  Computer.  "Dry  runs"  of  actual 
inventory  problems  in  data  obtained  from  operating  activities  will  be 
made  to  generate  information  as  to  the  increase  in  inventory  control 
efficiency  which  may  be  attainab>.  through  use  of  such  machines  as  the 
Logistics  Computer. 

Admiral  Sccles  comment  d,  in  closing  the  discussion  period,  on 
the  value  of  t -„ing  the  Logirtics  Computer  on  tynical  problers  actually 
occurring  in  H.val  operations  and  planning,  as  compared  to  limiting  its 
application  to  research  use. 
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Captain  Long  inquired  if  the  Logistics  Computer  were  available 
for  working  out  current  probler.s  that  agencies  of  the  Department  of 
Defense  right  have.  Dr.  Rigby  replied  that  the  answer  was  yes,  but 
with  an  important  qualification.  The  intended  primary  use  of  the 
machine  is  as  a research  tool  to  find  out  how  the  resources  of  electronic 
computation  can  best  be  used  in  logistics  work.  Accordingly,  it  is 
expected  to  solve  a wide  variety  of  problems  drawn  from  various  agencies 
of  the  Defense  Department  (principally  Navy,  of  course),  on  a pilot  or 
demonstration  basis.  If  the  machine  is  to  be  used  for  routine  service 
solution  of  problsns  whose  status  as  research  or  pilot  problems  has 
passed,  it  should  be  on  some  kind  of  off  -shift  basis,  preferably  with 
the  proprietors  of  the  problems  providing  operators  for  the  machine. 

Captain  Long  asked  if  a problem  would  be  entertained  as  a 
research  program,  for  example,  a problem  in  the  Joint  Chiefs  of  Staff 
that  might  be  applicable  to  solution  by  machine  methods.  Such  a problem 
might  be  recurring  feasibility  te-.ting  which  night  be  readily  adaptable 
to  solution  by  such  means.  Dr.  Rigby  replied  that  such  problems  are 
welcome  for  trial  on  the  Logistics  Computer.  In  fact,  it  is  expected 
that  a good  deal  of  time  will  be  spent  on  the  solution  of  such  problems — 
even  of  problems  that  recur  repeatedly — and  also  odd  jobs,  as  long  as 
they  can  be  justified  as  research.  It  is  believed,  of  course,  that  it 
would  be  improper  for  a research  activity  such  as  the  Logistics  Research 
Project  to  bacome  an  operating  service  agency  for  machine  solution  of 
logistics  problems  on  a routine  basis — this  would  certainly  be  a misusp 
of  research  talent.  However,  the  Office  of  Naval  Research  is  3nxious  to 
cooperate  with  alx  Defense  Department  activities  having  logistics  nroblms 
potentially  capable  of  machine  solution  in  exploring  the  extent  to  which 
the  computer's  capacity  can  contribute  to  effective  logistic  planning 
and  operation. 

In  response  to  questions  by  Commander  Tynan,  identification 
of  items  within  the  computer — the  conversion  of  stock  numbers  to  control 
numbers— and  the  trial  of  inventory  control  problems  were  discussed  by 
Dr.  Rigby  and  Captain  Hunt.  The  conversion  of  stock  numbers  can  be 
mechanized  in  some  applications.  The  need  for  such  conversion  is  not 
unique  with  the  Logistics  Computer;  it  is  even  a more  pressing  problem 
in  the  case  of  computers  of  smaller  internal  storage  capacity. 

With  respect  to  the  second  question  of  Commander  Tynan, 

Dr.  Rigby  pointed  out  that  the  inventory  control  problem,  a problem  of 
a type  handled  at  a SDCP,  was  one  of  the  problems  us^d  to  determine  the 
design  characteristics  of  the  Logistics  Computer.  "Dry  runs'*  of  actual 
inventory  problems  in  data  obtained  from  operating  activities  will  be 
made  to  generate  information  as  to  the  increase  in  inventory  control 
efficiency  which  may  be  attainable  through  use  of  such  machines  as  the 
Logistics  Computer. 

Admiral  Eccles  commented,  in  closing  the  discussion  period,  on 
the  value  of  testing,  the  Logistics  Computer  on  tyoical  problems  actually 
occurring  in  Naval  operations  and  planning,  as  compared  to  limiting  its 
application  to  research  use. 


APPLICATION  OF  THE  UNIVAC  TO  AIR  FORCE  PROGRAMMING 

by 

Emil  D.  Schell 

Headquarters,  United  States  Air  Force 


The  work  I shall  describe  has  been  conducted  under  Project 
SCOOP.  This  Air  Force  project  was  established  in  19US  in  the  Planning 
Research  Division,  DCS/C,  as  an  attempt  to  develop  more  suitable  answers 
to  the  problem  of  programing  Air  Force  requirements.  Preparation  of  a 
detailed  program  from  a specific  strategic  plan  is  at  best  a cumbersome 
endeavor.  The  expansion  of  defense  efforts  and  the  continuing  increase 
in  the  technological  complexity  of  military  weapons  has  not  made  the 
programming  process  any  less  involved. 

Requirements  programming  has  traditionally  been  done  on  a 
piecemeal  basis.  This  may,  in  part,  be  due  to  historical  accident,  but 
it  undoubtedly  reflects  the  usual  circumstantial  need  for  haste  and  for 
the  technical  knowledge  of  a host  of  subject-matter  specialists.  SCOOP 
lias  been  inclined  to  treat  the  problem  as  an  entity,  thereby  promoting 
consistency,  but  to  do  this  without  losing  the  essential  services  of  the 
specialists. 


This  approach  has  necessitated  extensive  analysis,  clarifica- 
tion, and  mathematical  formulation.^-  It  has  dictated  a heavy  initial 
burden  of  centralized  digesting  and  editing  of  planning  factor  informa- 
tion. And  in  concentrating  and  mechanizing  the  inherent  data-processing 
and  computational  aspects  of  programming,  the  approach  has  generated  a 
heavy  requirement  for  computational  facilities. 


In  passing,  I might  say  that  Univac  is  the  second  electronic 
computer  with  which  the  project  has  been  concerned.  The  first  was  SEAC, 
which  was  developed  by  the  National  Bureau  of  Standards  under  SCOOP 
support.  SEAC  was  actually  conceived  of  originally  as  a laboratory 
instrument  for  developing  and  testing  logical  designs  and  computer  com- 
ponents. As  the  blueprints  evolved,  however,  SEAC  blossomed  into  a 
conplete  computer.  In  addition  to  functioning  as  a testing  ground  for 
future  equipment,  it  has  contributed  much  to  the  mathematical  and  com- 
putational research  at  Project  SCOOP.  Because  of  its  design,  however, 
it  is  not  suited  -o  full-scale  day-to-day  program  computations. 


Preliminary  operations  pf  this  kind  began  with  punch-card 
equipment.  The  introduction  of  IBt  60i4»s  as  the  main  units  in  a chain 
of  punched  card  machines,  enabled  the  computation  of  programs  to  approach 
ar.  operational  basis.  The  chief  contribution,  however,  lay  in  the 
opportunity  provided  for  creating  an  organization  capable  of  developing 


1/  Cf.  Dantzig,  George  B,,  "the  Programming  of  interdependent  Activi 
ties,"  in  Activity  Analysis  of  Production  and  Allocation,  T jailing  C. 
Koopmans,  ed. , New  York:  John  Wiley  fit  Sons,  1951,  pp.  19-32. 
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and  applying  SCOOP  methods  while  the  Univac  was  being  built.  It  had  been 
clear  from  the  stout  that  problems  would  arise  that  demanded  the  adapta- 
bility and  potential  of  general  . urpose  electronic  computer. 

The  Air  Force  Univac  was  accepted  in  February,  1952.  Although 
the  first  Univac  to  be  moved  from  the  factory  of  the  Eckert-Mauchly 
Division  of  Remington  Rand,  it  was  in  partial  operation  at  the  Pentagon 
by  April.  On  25  June  1952,  the  installation  was  deemed  complete,  and 
the  nachine  was  formally  turned  over  to  the  Air  Force. 2 in  the  eight 
months  since  that  date,  during  which  the  Univac  has  been  continuously 
manned,  over  six  thousand  hours  have  elapsed.  The  categories  used  to 
account  for  these  hours  reveal  the  following  percentage  distribution: 


Down  time  \S% 

Modification,  training  and  maintenance  26jt 

Testing  of  machine  instructions  li*5t 

Computation  hS% 


It  would  he  difficult  to  present  anything  like  a complete  account 
of  the  diverse  applications  in  program  computation  made  possible  by  nearly 
three  thousand  hours  t.  the  Univac.  1 have  selected  one  application, 
called  Model  15,  as  a means  of  giving  you  an  explicit  picture.  Although 
I shall  not  deal  with  the  mathematics  of  the  computation,  some  of  you  are 
undoubtedly  familiar  with  the  triangular  model, 3 of  which  this  is  an 
important  application. 

Model  15  i 3 designed  to  provide  a programing  document  listing 
the  amounts  of  selected  material  needed  to  support  a war  plan.  Aviation 
fuel  and  lubricants,  conventional  ammunition  and  guided  missiles,  air- 
craft guns,  assist  take-off  units,  auxil  ary  fuel  tacks,  pylons,  chaff, 
photographic  film,  boats,  drop  kits,  and  drop  sondes  are  examples  of 
classes  of  items  for  wtdeh  detailed  item  requirements  are  computed. 

Monthly  schedules  of  requirements  are  obtained  for  each  of  the 
material  items  after  an  assumed  D-Day.  Allowance  is  made  for  the  expend- 
iture of  material  by  canbat  aircraft  and  by  aircraft  engaged  in  other 


2/  For  an  account  of  the  efforts  that  precede  this  alage,  see  Johnson, 
Lyle  R.,  "The  Installation  of  a Large  Electronic  Computer,"  to  appear  in 
the  Proceedings  of  the  Toronto  (September  1952)  Meeting  of  the  Associa- 
tion for  Computing  Machinery. 

3/  Wood,  Marshall  K.  and  Geisler,  Murray  A.,  "Development  of  Dynamic 
Models  for  Program  Planning,"  in  Activity  Analysis  of  Production  and 
Allocation,  ibid.,  pp.  189-215. 


APPLICATION  OF  THE  UNIVAC  TO  AIR  FORCE  PROGRAMMING 


missions,  such  as  training.  Important  kinds  01  losses,  stock  levels  at 
installations  and  depots,  and  transit  times  enter  into  the  determination 
of  requirements. 

In  order  to  carry  out  a computation  of  this  kind,  a great  deal 
of  detailed  information  must  be  prepared  for  the  computer.  This  infor- 
mation is  placed  upon  reels  of  metal  tape.  Some  appreciation  of  the 
important  features  of  the  computation  can  be  obtained  by  considering  the 
purpose  of  each  of  the  six  essentiel  reels. 

When  data  are  prepared  for  the  computer,  it  is  efficient  to 
arrange  them  in  a manner  which  simplifies  the  handwork  and  writing  of 
numbers,  because  operations  performed  by  people  have  a greater  error  rate 
than  those  performed  by  machines.  This  arrangement  is  not  intended  to  be 
most  suitable  for  computation,  and  any  rearrangement  of  the  material  to 
achieve  a computable  form  is  done  by  the  machine.  These  processing  and 
editing  steps  are  followed  by  a sequence  of  computations  which  yield 
levels  of  material  requirements  by  month.  After  the  computed  data  are 
arranged  in  a form  for  printing  of  the  answers,  code  numbers  are  replaced 
by  descriptive  headings,  and  printed  listings  are  prepared  for  reproduc- 
tion. The  first  tape  reel,  (called  the  TRIMOD  tape),  contains  the 
machine  instructions  for  all  of  these  transformations. 

A second  reel  contains  the  data  from  the  war  plan.  In  the  Air 
Force  these  data  naturally  deal  with  the  flying  of  aircraft,  but  the 
diverse  kinds  of  flying  to  be  considered  in  making  accurate  estimates  of 
material  is  somewhat  surprising.  Schedules  of  deployed  aircraft  by  type, 
model  and  series  are  shown  for  each  month  for  the  continental  United 
States  and  for  overseas.  The  number  of  aircraft  for  each  month  must  also 
be  listed  for  various  kind3  of  schooling  and  practice;  such  as  crew  train- 
ing, individual  flying  training.  Joint  training  with  the  Army,  tactical 
support,  administrative  flying,  testing,  and  special  mission.  Information 
on  crews  and  on  individuals  completing  training  each  month  are  also 
needed.  Finally,  the  schedules  of  aircraft  accepted  by  the  Air  Force  from 
manufacturers  for  delivery,  and  their  allocation  to  fighter-bomber 
interceptor  units  and  other  kinds  of  units  are  contained  on  this  reel. 

Planning  factors  and  the  structural  information  showing  how  the 
activities  of  the  Air  Force  are  related  are  placed  on  a third  reel. 
Monthly  hours  of  use  for  each  kind  of  aircraft,  gallons  of  fuel  consumed 
per  flying  hour,  material  items  expended  per  sortie,  rounds  of  fire  in 
life  of  weapons,  materiel  loss  factors,  and  pipeline  times  for  transit 
and  for  installation  are  typical  of  the  detail  required. 

Three  blank  tapes  are  also  mounted  on  the  Univac  for  the 
inscription  of  the  computed  requirements.  The  Univac  writes  results  on 
each  of  three  tapes.  As  described  above,  these  results  are  then  rear- 
ranged, edited,  and  merged  with  descriptive  alphabetic  information  before 
printing. 
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It  is  appropriate  now  to  give  some  statistics  on  Model  15.  The 
instruction  tape  contains  a central  computing  routine  which  consists  of 
650  words  of  twelve  characters  each.  On  the  punched  card  equipment  used 
by  Project  SCOOP  to  test  programming  procedures,  this  computation  routine 
took  seme  sixteen  plugboards  containing  3818  wires.  Preparing  the  Univac 
instructions  took  about  as  much  in  man  hours  as  wiring  the  p?.ugboards. 
but  the  instructions  appear  on  about  nine  feet  of  metal  tape  which  could 
be  coiled  in  a sewing  thimble,  while  the  rlugbo;c'ds  occupy  several  cabi- 
nets. The  Univac  compu  es  six  activities  at  a ime,  rj.dle  on'y  one  was 
possible  on  punched  c:rds.  In  using  punc'->-  d ca*-d  equipment,  the  success 
of  the  computing  process  rested  not  only  in  the  sixteen  wired  plugboards, 
but  largely  in  the  training,  knowledge,  and  infallability  of  the  operat- 
ing personnel  in  selecting  the  plugboards  and  in  properly  routing  cards 
from  one  machine  to  another.  The  automatic  nature  of  comparable  operations 
on  the  Univac  is  an  attractive  feature. 

The  program  data  used  in  the  problem  consisted  of  some  15,1|0C 
activity  levels.  The  computed  results  contained  57,510  activity  levels 
which  were  useful  for  analytical  purposes  and  as  supporting  detail.  Some 
lbl*,000  planning  factors  entered  into  the  computation.  Results  of  the 
computation  are  presented  to  the  offices  of  primary  responsibility  which 
review  and  use  them.  A computation  has  been  made  to  meet  Munitions  Board 
directives  for  the  submission  of  war  consumable  requirements.  It  is  now 
being  computed  under  <%  different  plan  for  budgetary  evaluation. 

Needless  to  say,  a computation  such  a?  Model  15  is  limited  in 
value  by  the  accuracy  of  the  planning  factors  used.  Improvement  of  these 
planning  factors  has  been  stimulated  in  the  Air  Force  by  a classified 
Wartime  Planning  Factors  Manual  initiated  by  the  Planning  Research  Divi- 
sion. This  publication,  and  another  concerning  peacetime  factors, 
embraces  all  major  areas  of  planning  factors  required  in  Air  Force  pro- 
gramming. The  goal  has  been  to  bring  these  publications  to  as  complete 
and  comperhensive  a stage  as  sound  planning  demands.  The  Planning 
Research  Division  does  not  originate  the  bulk  of  planning  factors*  they 
are  prepared  by  staff  offices  and  commands  throughout  the  Air  Force.  It 
does,  however,  have  responsibility  for  review  and  for  publication  of 
planning  factor  manuals. 

In  the  description  of  the  computational  process,  I indicated 
that  the  planning  factors  are  on  a reel  of  tape  with  the  structure.  We 
are  presently  completing  a system  that  will  relegate  much  of  the  work 
of  preparing  this  tape  to  Univac.  Plaining  factors  will  be  kept  on 
library  tapes.  From  condensed  structure  information,  the  Univac  will 
pick  factor  information  off  the  library  tapes  and  generate  the  struc- 
ture tape.  Many  of  these  library  tapes  contain  substantially  the  same 
information  as  the  tables  in  the  planning  factor  manuals.  Periodic 
changes  are  rade  in  the  planning  factors  as  change  notices  are  received 
from  the  responsible  offices.  In  the  future,  those  changes  will  be  made 
on  the  library  tapes. 
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Combat  consumables  are  but  one  major  area  of  interest  in  the 
requirements  field.  In  the  past  four  years,  about  a dozen  different 
types  of  models  have  been  developed,  »d\ich,  taken  together,  make  it 
possible  to  compute  very  comprehensive  programs.  Military  personnel 
requirements  by  Air  Force  Specialty  Code,  technical  training  courses,  air- 
craft engine  procurement , overhaul  and  shipping  requirements  are  illus- 
trative of  ether  areas.  A number  of  these  models  were  test  computations 
to  establish  the  adequacy  of  our  m.ethods  and  are  not  yet  in  routine  use. 
From  the  viewpoint  of  comprehensive  programs,  further  refinements  are 
desirable  in  some  of  these  models.  In  general,  greatest  difficulties  are 
encountered  at  the  beginning  and  at  the  end  of  the  program  computation 
process.  At  the  start,  we  should  logically  begin  with  a schedule  of 
anticipated  aircraft  acceptances.  Allocations  to  training  and  to  combat 
should  then  be  accomplished  through  use  of  a computational  system.  On 
the  other  hand,  this  area  has  been  handled  in  the  past  on  a judgment 
basis,  and  complete  delineation  of  the  restrictions  under  which  such 
judgments  are  made  is  an  exceedingly  difficult  mathematical  formulation 
task.  Near  the  close  of  the  computation,  we  encounter  the  problem  of 
estimating  requirements  of  hundreds  of  thousands  of  small  items  which  the 
Air  Force  purchases  from  private  contractors.  We  are  just  in  the  process, 
after  several  formative  attempts,  of  constructing  a computational  pro- 
cedure which  we  feel  will  approach  the  adequacy  desired  in  this  area. 

Model  and  the  associated  models  represent  Air  Force  activ- 
ities and  computation  of  these  activities  give  information  about  the 
military  aspects  of  the  progranrting  problem.  If  military  appropriations 
are  large,  as  in  recent  years,  or  a3  in  wartime,  the  economic  implica- 
tions are  of  equal  importance  in  appraising  a plan.  For  the  purpose  of 
making  such  an  appraisal,  the  Planning  Research  Division  has  aggregated 
the  host  of  small  items  by  industry  according  to  the  Standard  Industrial 
Classification,  which  is  widely  used  by  governmental  agencies  in  their 
statistical  compilations.  The  value  of  these  efforts  depends  to  a con- 
siderable extent  on  parallel  information  from  the  other  services,  and  the 
Division  has  therefore  worked  closely  with  the  Munitions  Board.  Using 
modified  Leontief  methods  for  interindustry  analysis,  with  some  elabor- 
ations to  take  care  of  capital  formation,  procedures  have  been  developed 
for  assessing  the  economic  impact  of  military  programs.  For  analyses  of 
this  kind,  we  have  since  April,  performed  the  inversion  of  four  distinct 
matrices  of  order  200,  as  well  as  a large  number  of  multiplication  of 
rratrices  by  vectors  to  show  the  industrial  patterns  under  the  purchases 
of  various  bills  of  goods. 

Another  aspect  of  the  application  of  the  Univac  Air  Force  Pro- 
gramming involves  the  selection  of  activities  for  support  of  a program 
according  to  some  criterion  indicating  an  optimum  selection.  The  Air 
Force  has  stimulated  a great  deal  of  mathematical  research  in  this  field, 
but  the  application  of  the  techniques  has  barely  begun.  A set  of 
instruction  codes  which  will  select  and  compute  250  non-negative  unknowns 
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from  500  has  been  prepared.  These  unknowns  are  subject  to  250  linear 
restrictions  and  one  linear  optimizing  condition.  Explanatory  work  on 
the  applications  cf  this  approach  to  Air  Force  problems  is  the  next 
logical  step. 

I should  like  to  suggest  what  now  appeara  to  be  significant 
advantages  to  programing  by  the  methods  we  are  using: 

1.  It  promotes  consistency  in  the  schedules. 

2.  Allows  a self-chocking  electronic  computer 
to  perform  a tiresome  and  time-consuming 
part  of  the  w>rkf 

3.  Permits  a complete  systematic  presentation 
for  review. 

L.  Provides  for  rapid  recorrputation  when  program 
assumptions  lead  to  unacceptable  results. 

5.  Makes  possible  the  use  of  more  manpower  on 
planning  factors  and  on  areas  which  require 
judgment. 

In  addition  to  these  primary  advantages,  straight  thinking  about 
programming  is  encouraged,  inadequate  data  are  highlighted,  and  an  orderly 
sequence  of  program  computational  steps  must  be  followed. 

There  are,  of  course,  disadvantages.  The  method  dictates  a heavy 
load  of  centralized  factor  analysis,  and  the  large  quantities  of  data  per 
person  requires  fairly  inflexible  rules  of  procedure.  Systematic  methods 
do  not  satisfy  all  or  every  special  programming  question.  Finally,  the 
rethods  contribute  little  to  the  problem  of  data  preparation,  which  was 
present  before.  > 

The  Univac  itself  has  made  these  contributions  to  the  program: 

1,  It  has  permitted  the  computation  of  larger 
models  than  could  otherwise  have  been 
contemplated. 

2,  Total  computational  time  has  been  substantially 
reduced, 

3,  Its  automatic,  self-checking  mode  of  computation, 
practically  ''liminates  the  supervisory  function 
that  is  characteristic  cf  card  computation. 

The  general  purpose  computer  is  well  suited  for  processing  masses 
of  data,  such  as  we  meet  in  the  programming  and  logistics  work.  Ths 
unparalleled  adaptability  of  the  machines  permit  the  user  to  adjust  his 
operations  to  fit  nearly  any  change  in  procedure.  This  same  facility  poses 
a considerable  test  of  the  user's  self-restraint;  frequent  changes  in 
procedure  are  tempting,  but  they  run  counter  to  the  stability  required  to 
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achieve  the  production-type  operation  railed  for  in  handling  a multitude 
of  numbers.  To  obtain  Me  greatest  benefit  from.  our  macnine  instruction^ 
we  must  use  them  mure  than  on-  - . 

V/hen  tape 3 for  a computation  have  been  prepared,  they  are 
mounted  on  the  Univac,  and  the  starting  of  the  machine  should  be  the  end 
of  human  intervention  u\v_l  the  corny 'ter  tyocs  out  "end  of  problem".  The 
fact  that  'ne  computer  occasionally  'alts  v ha  cry  of  distress  has 
provided  the  fra  .wrk  for  much  hilarity.  e inevitable  failures  of 
the  computer  shot..'.!  not  Kiind  us,  h~'.>ever.  to  the  realization  that  today 
electronic  computers  are  no  longer  r » search  instruments,  but  production 
tools  highly  adaptable  to  the  solution  of  manageirent  problems  when  we 
have  the  maturity  to  understand  the  advantages  of  the  systematic  approach 
and  the  forethought  their  use  demands. 
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APPLICATION  OF  THE  CRC-107  computer  to 
PRO  JLE>i5  OF  THE  BUREAU'  OF  AERONAUTICS 

by 

D.  0.  Larson 
Bureau  of  Aeronautics 

Today,  both  government  and  industry  are  faced  with  the 
problem  of  finding  faster,  less  expensive,  and  more  efficient  means 
of  processing  information.  The  recent  advances  of  input-output  equip- 
ment has  now  made  digital  computers  feasible  for  processing  information 
in  large  volume,  Kany  people  are  now  beginning  to  study  seriously 
the  application  of  digital  computers  to  the  business  type  problem. 

This  kind  of  problem,  called  "data  processing"  involves  masses  of 
input— output  data  and  relatively  simple  computations,  and  frequently 
requires  complex  controls  for  sequencing  operations. 

In  data  process ing  we  are  confronted  with  two  major  questions: 

(1)  .Is  a particular  problem  adaptable  to  high  speed  machine 
processing? 

(2)  How  can  the  problem  be  programmed  to  achieve  the  best 

results? 

At  the  Bureau  of  Aeronautics,  we  are  especially  concerned  with  this 
business  type  of  problem  and  the  CRC-107  computer  is  scheduled  to  deal 
mainly  with  this  problem.  For  this  reason,  I have  chosen  to  describe 
the  application  of  the  CRC-107  computer  to  our  version  of  a typical 
problem. 


As  I discuss  the  essential  ideas  in  the  application  of  the 
CRC-107  computer  to  a data  processing  problem,  you  will  readily  recognize 
how  these  ideas  can  be  adapted  to  other  problems  of  the  business  variety, 
principally  in  the  fields  of  procurement,  production  control,  inventory 
control  and  distribution,  sales,  and  others. 

Now,  what  are  the  principal  characteristics  of  the  CRC-107 
computer?  It  is  moderately  low  in  cost,  relatively  small  in  size, 
simply  designed  to  reduce  maintenance  and  programming  costs,  and  flexible 
in  ir.put-output  equipment  using  magnetic  tape,  IHi  cards,  or  flexowriter 
paper  tape.  It  nac  a capacious  memory,  internal  as  well  as  external. 

The  computer  also  has  the  auvmtage  of  special  auxiliary  equipment 
such  as  the  tape-typewriter  unit  and  the  high  speed  printer. 

The  tape-typewriter  unit  is  a novel  piece  of  equipment,  and 
is  especially  important  on  "data  processing"  problems  because  it  permits 
fast  preparation  of  U««?  vital  magnetic  tapes  in  large  quantities.  This 
essential  unit  is  completely  independent  of  the  main  computer.  Controls 
are  provided  on  the  tap  -type’ /ri ter  unit  for  searching  out  any  section 
on  a magnetic  tape  in  cither  direction.,  so  as  to  permit  reading,  filing. 
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modifying,  verifying  cr  erasing  the  particular  section  of  tape.  The 
tape-typewriter  unit  is  therefore  a valuable  tine  saver  in  making 
changes  in  data  processing  records  and  in  keeping  them  up  to  date. 

These  units  are  portable,  and  can  be  easily  placed  where  needed.  The 
tapes  can  be  sent  over  to  the  computer  when  ready. 

The  high  speed  printer,  another  important  auxiliary,  makes 
possible  a printed  copy  of  computer  results  at  a speed  equal  to  the 
tape  writing  speed  of  the  computer. 

The  main  problem  which  I shall  discuss  now  is  one  which  con- 
cerns production  control  record  keeping  on  aeronautical  equipment 
ordered  by  tho  Production  Division  of  the  Bureau  of  Aeronautics.  Tens 
of  thousands  of  records  must  be  handled  to  keep  accurate  accounts  for 
this  project.  Due  to  limited  manpower,  it  is  impossible  to  accomplish 
this  under  manual  methods  without  extensive  overtime  work.  It  takes 
70,000  basic  cards  to  maintain  these  records,  and  approximately  22 
people  plus  the  necessary  overtime  are  required  tm  process  them. 

The  production  problem  which  uses  these  cards  is  basically  a 
scheduling  problem,  in  tfiich  the  necessary  quantities  and  type  of  govern- 
ment-furnished equipment  is  ordered  at  the  optimum  month  so  that  this 
equipment  is  made  and  distributed  to  meet  production  schedules  of  air- 
craft effectively.  The  scheduling  involves  the  computation  of  monthly 
quantities  of  items  required.  It  involves  adjusting  schedules  to  provide 
installation  lead  tine  to  meet  airframe  manufacturers  installation 
requirements.  It  involves  adjustments  to  monthly  requirements  caused  by- 
changes  in  types  and  quantities  of  aircraf'  and  equipment.  Thus,  we 
have  the  problem  both  of  computing  the  data,  and  keeping  the  data  up  to 
date  at  all  times. 

To  give  you  3cme  idea  of  the  magnitude  of  this  problem,  let  us 
look  at  an  illustration:  One  piece  of  equipment,  say  an  airplane  engine 

may  have  as  many  as  325  possible  destinations;  or  as  we  call  it,  "end 
users".  An  end  user  may  be  one  of  the  services,  or  one  of  the  countries 
of  the  Mutual  Security  Pact,  or  it  may  be  an  aircraft,  a spare,  or  re- 
quirement for  the  fleet,  etc.  This  equipment — say  the  engine— must  be 
furnished  in  quantities  of  1 to  25  for  each  end  user  (such  as  an  aircraft) 
and  must  be  furnished  with  precise  installation  lead  time.  The  installa- 
tion lead  time  differs  for  each  end  user.  These  deliveries  of  engines 
must  be  furnished  anywhere  from  18  months  prior  to  delivery,  to  3 months 
after  delivery  of  the  specific  aircraft.  Conversely  an  aircraft  will 
be  furnished  from  25  to  230  items  of  aeronautical  equipment,  each  depend- 
ing on  the  type  of  aircraft.  Installation  lead  time  on  the  aircraft  will 
vary  frcm  16  months  to  2 months  prior  to  shop  completion  of  the  aircraft 
and  quantities  of  equipment  would  again  vary  from  1 to  25  per  end  user. 
Xeeping  all  this  source  data  up  to  date  is  a huge  task.  Changes  occur 
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daily  and  average  about  50  changes  a week  in  government  furnished 
equipment  alone.  Other  changes  that  would  occur  in  the  data  might 
be  a revision  in  aircraft  schedules,  quantities  of  aircraft-  **t r. 

Each  change  entails  an  insertion  of  one  or  more  new  cards,  deletion 
of  current  cards,  readjustment  of  total  quantities,  monthly  quantities, 
etc.  One  example  of  a change  on  current  operation  occurred  just  a 
short  time  ago.  Monthly  schedules  of  aircraft  were  slowed  do\.7i  to 
spread  out  the  program.  This  made  a review  of  each  card  necessary  and 
recomputation  of  each  monthly  reouirement,  a matter  involving  50,000 
cards . 


To  solve  thi3  scheduling  problem,  the  programming  for  the 
CRC-107  computer  has  been  done  as  follows:  Source  data,  just  described, 

is  arranged  on  two  master  tapjs.  One  tape  is  called  the  airframe  tape 
and  consists  of  10,000  computer  words  of  information.  Each  airframe  is 
identified  by  a particular  code  stored  in  the  block  address  word  of  a 
tape  and  followed  by  50  words  of  information  which  pertains  to  this 
airframe.  The  block  address  word  wnich  identifies  the  aircraft  is 
similar  to  any  other  word  on  the  tape  except  it  is  a key  word  which  can 
be  numbered  in  sequence,  or  any  other  pattern,  so  that  it  identifies  the 
10  following  words  on  the  tape.  Thus,  each  11th  word  on  a tape  is  a 
block  address  word.  At  any  tine,  then,  by  programmed  ccrmands,  any 
specific  airframe  can  be  found  through  the  key  word  and  the  information 
pertaining  to  the  airframe  made  available  for  computation* 

The  50  words  of  information  on  an  aircraft  include  manufac- 
turer and  plant  location,  fiscal  year,  end  user,  source  type,  contract 
number,  priority,  unit  cost,  total  cost,  total  quantity  of  airframe  for 
fiscal  year,  total  to  date,  balance  due,  month  in  which  schedule  first 
starts  and  ends,  along  with  a 3 year  monthly  schedule  of  airframes. 

The  other  master  tape  is  called  the  equipment  tape  and  con- 
sists of  approximately  60,000  computer  words  of  information.  The 
particular  equipment  is  the  code  on  this  tape  corresponding  to  the 
airframe  as  a code  on  the  companion  tape.  Each  piece  of  equipment  is 
stored  in  the  block  address  word  of  the  tape,  and  is  followed  by  as 
many  two-word  coded  units  of  airframes  that  use  this  particular  equip>- 
r.ent.  A two-word  unit  consists,  therefore,  of  an  airframe  that  uses 
the  iter,  of  equipment,  fiscal  year,  end  user  and  source  type  (appearing 
again  on  this  tape)  quantity  of  equipment  per  airframe,  installation 
lead  time,  and  application.  You  start  the  ball  rolling  by  selecting 
the  first  piece  of  equipment  showing  up  on  the  equipment  tape.  Then 
the  first  airframe  using  this  equipment  is  selected  as  a key  to  search 
the  airframe  tape.  When  a match  is  made  between  the  corresponding 
airframes  on  the  two  tapes,  a further  search  is  made  down  the  airframe 
tape,  to  match  the  corresponding  end  user  and  fiscal  year.  Thie  search 
is  necessary,  3ince  the  same  airframe  is  reproduced  several  times  on 
the  airframe  tape  for  varying  fiscal  years  and  end  users.  Once  the 
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natch  desired  has  been  achieved  on  all  points,  the  computation  consists 
essentially  of  determining  monthly  quantities  of  equipment  required  to 
meet  specific  aircraft  manufacturers  need.  This  computation  is  done  by 
multiplying  the  quantity  of  equipment  for  the  specific  aircraft  by  the 
number  of  aircraft  produced  per  month.  The  monthly  requirements  are 
then  scheduled  by  the  specific  lead  time  established  and  located  in  the 
correct  month  of  a 60  month  spread  covering  a 3 year  current  production 
program.  Intermediate  results  are  transferred  into  60  other  summation 
cells  required  for  accumulation  of  specific  equipment  requirements  for 
the  aircraft  program.  The  lost  part  of  the  program  provides  for  editing 
the  information  competed,  and  producing  a hard  copy  print.  In  this 
particular  example,  the  editing  is  done  as  part  of  the  main  program,  but 
in  many  problems  it  will  be  necessary  to  have  special  tape  editing  pro- 
grams. In  the  case  of  special  programs,  another  run  would  be  made 
through  the  main  computer  using  the  output  tape  as  the  new  in  prut  tap>e 
end  the  program  would  rearrange  the  computations  to  print  out  any  desired 
type  of  report  on  the  high  speed  printer* 

In  many  of  the  cases  of  large  data  processing  problems,  much 
of  the  programming  tine  may  be  spent  in  arranging  information  for  a 
final  output  on  a high  speed  print  r,  especially  in  the  case  where  sll 
kinds  of  reports  are  needed  from  ome  general  set  of  computations. 

To  program  the  problem  .e  Just  discussed  for  the  CRC-107  com- 
puter, it  required  approximatel}  350  man  hours.  To  prepare  the  data  on 
the  magnetic  tap>es,  about  175  man  hours  more  vi3!  be  required,  it  is 
estimated.  Of  course,  the  programming  time  Has  now  been  completed 
once  and  for  allj  henceforth,  only  relatively  minor  additions  or  modifi- 
cations will  be  necessary.  Also,  the  data  preparation  time  includes  the 
preparation  of  all  basic  source  data,  and  after  the  program  xs  in  o itera- 
tion, only  changes  in  records  will  be  required  as  each  new  run  is  made 
on  the  computer.  Our  estimates  show  that  about  22  hours  of  computation 
time  will  be  needed  to  run  the  program  each  time  it  is  required,  which 
should  be  about  once  a month.  A small  staff  of  people  will  therefore 
be  able  to  inn  this  specific  problem  at  any  time  with  22  hours  of  com- 
puter time.  These  figures  show  quite  a contrast  as  "gainst  the  hand 
methods  which  require  22  persons  working  full  time  and  overtime,  all 
the  time,  processing  70,000  cards. 

Another  problem  l&ich  has  been  prepared  for  the  CRC-107 
computer  and  will  be  run  periodically  is  the  mobilization  scheduling 
problem.  This  is  a much  smaller  project,  in  terms  of  machine  time, 
than  the  one  just  described  but  I present  it  simply  to  illustrate  the 
versatility  of  the  computer.  The  nobilization  scheduling  problem  is 
a planning  one,  concerned  with  scheduling  aircraft  and  equipment  items 
to  meet  a military  objective  of  the  future.  The  general  plan  of  the 
problem  is  similar  to  the  production  problem  but  far  less  variations 
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in  parameters  are  employed.  Briefly,  the  problem  is  this:  A mobiliza- 

tion schedule  projected  for  a 5 yecr  span  in  the  future  is  provided  to 
the  Pureau  of  Aeronautics  by  higher  authority  to  meet  a ceitnin  objec- 
tive. This  schedule  has  been  examined  and  been  set  from  estimates  of 
what  aircraft  manufacturers  can  produce  or  can  be  expected  to  produce 
by  expansion  in  a 5 year  period.  The  quantity  or  a particular  equip- 
ment to  go  on  an  individual  aircraft  is  knovn,  r the  problem  consists 
essentially  of  multiplying  the  number  of  aircral  scheduled  times  the 
quantity  of  equipment  that  go  on  the  aircraft.  V.is  results  in  a total 
mobilization  scl.  dale  for  selected  equipment  to  meet  the  mobilization 
plan.  The  computation  here  again  is  3imple  but  it  is  time  consuming 
because  of  the  large  numbers  of  different  types  of  aircraft,  and  the 
many  different  types  of  equipment  going  on  different  aircraft.  All 
equipment  items  must  be  kept  up  to  date  as  to  type,  number,  etc.,  and 
each  change  here  reflects  changes  in  equipment  items  or  aircraft 
schedules. 


Other  problems  that  are  being  prepared  for  the  CRC-107  computer 
include  the  following: 

(1)  Control  of  distribution  of  Navy  Publications  going  to 
naval  aeronautical  establishments. 

(2)  Control  of  distribution  of  Navy  Publications  going  to 
new  naval  aeronautical  establishments. 

(3)  Stock  accounting  of  equipment  being  overhauled  at  naval 
overhaul  and  repair  stations. 

(U ) Work  measurement  problems  which  aim  at  the  control  of 
personnel  and  expenditures  through  the  establishment  of  standards. 

($)  Computational  Problems.  There  are  several  of  these, 
such  as  the  addition  tc  Tables  of  the  Incomplete  Beta  Function;  computa- 
tions on  stability  parameters  of  selected  aircraft;  analysis  of  variance, 
etc. 


So  much  for  what  we  can  do  with  the  computer.  Now  for  some 
of  the  "bugs".  GYie  of  the  first  difficulties  that  we  have  experienced 
in  programming  a large  data  processing  problem  for  the  computer 
originated  during  ‘he  presentation  of  the  problem.  There  was  a lack 
of  understanding  uetweeu  the  person  familiar  with  the  problem  and  the 
person  programming  it,  inis  of  course  resulted  ir.  a much  longer  study 
of  the  problem  than  would  be  ordinarily  required-  This  difficulty 
most  likely  will  be  a common  one  fo”  >11  concern'''!  with  programming 
large  data  processing  pi  oblems  in  th:  f;  *ure.  i"  reason  for  this 
difficulty  is  that  the  individuals  presenting  a problem  have  been  so 
misinformed  as  to  what  computers  will  do,  that  they  do  net  present  their 
problem  in  sequence,  in  simple  terms,  and  In  compete  detail.  As 


S' 


FOURTH  ANNUAL  LOGISTICS  OONFEJTNCE:  LARSON 


a result  the  programmer  must  go  to  several  persons  to  gather  the  entire 
information,  and  so  consumes  more  time  rephrasing  the  problem.  Of 
course,  in  many  cases  it  is  nearly  impossible  for  any  one  person  to 
present  the  problem  in  its  entirety,  because  the  problem  is  so  far- 
reaching  in  scope  and  so  many  people  are  involved  in  the  problem.  This 
is  especially  true  where  several  different  divisions  are  all  working 
or.  some  phase  of  a common  problem.  A big  job  lies  ahead  in  training 
personnel  who  uill  know  the  broad  phases  of  a business  and  have  a 
little  better  knowledge  of  what  computers  can  do.  These  individuals 
are  necessary,  if  mechanization  is  to  be  done  efficiently,  so  that  an 
entire  office  is  converted  to  digital  processing.  This  might  be  the 
case  where  purchasing,  production,  distribution,  sales,  inventory, 
payroll  and  other  functions  are  included  in  one  project. 

Another  problem  wluch  many  people  are  concerned  with  at  this 
time  is  the  aptness  of  a particular  problem  for  a digital  computation. 
Certainly  a lot  of  education  will  have  to  be  given  in  this  regard, 
until  it  is  learned  that  these  new  computers  cannot  solve  everytliing, 
and  some  problems  would  be  a waste  of  time  to  solve.  It  is  impossible 
to  generalize  and  cay  what  types  of  problems  can  or  cannot  be  put  on 
a digital  computer  since  every  problem  has  so  many  variations.  Only 
a careful  study  by  experienced  programmers  can  determine  a particular 
case.  Too,  the  situation  varies  with  each  computer  so  that  a problem 
that  is  well  adapted  to  one  computer  may  not  be  adaptable  to  another. 
Therefore,  as  each  large  scale  project  is  considered  for  mechanization, 
where  no  particular  computer  has  already  been  selected,  only  a careful 
study  by  programmers  who  are  familiar  with  many  types  of  computing 
machines,  can  determine  the  best  way  to  handle  it.  The  prog  rimers 
should  therefore  be  of  the  highest  caliber. 

Well,  hovr  to  train  the  programmers?  At  first  glance  this 
seems  like  a minor  problem,  since  the  general  impression  is  that  after 
once  programing  a mathematical  problem,  a person  should  be  able  to 
program  easily  enough  a data  processing  problem.  This  is  very  often 
not  true  on  a problem  of  any  size;  in  may  cases  several  months  of 
intensive  training  i3  required  for  a programmer  to  learn  the  overall 
problem.  This  brings  up  the  question,  then,  whether  it  is  more 
efficient  to  teach  a person  who  is  well  acquainted  already  with  a 
large  problem  to  program  it  on  a digital  computer,  or  whether  it  is 
better  to  train  the  programmer  on  the  problem.  This  is  a very  diffi- 
cult question  to  answer,  too,  since  often  a person  who  knows  the 
problem  well,  does  not  make  a good  programmer.  A good  programmer  on 
the  other  hand,  usually  can  learn  the  data  processing  problem  given 
sufficient  Lime,  but  this  loss  in  time  can  not  be  tolerated.  In  the 
bureau,  we  are  approaching  this  problem  from  two  directions  and  will 
evaluate  the  results  to  determine  future  courses  of  action.  In  the 
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case  of  the  production  problem  first  mentioned,  a key  person  in  the 
production  division  has  been  trained  in  programming  who  calls  on 
regular  programmers  associated  with  the  computer  only  for  technical 
assistance* 


In  conclusion— we  at  the  bureau  are  looking  on  the  CRC-107 
computer  as  an  important  new  tool  which  can  eliminate  some  of  the 
drudgery  of  everyday  routine  and  release  personnel  from  tedious  opera- 
tions to  other  work.  We  are  expecting  to  accomplish  a larger  quantity 
of  work  than  was  ever  before  realized  by  hand  processing  methods. 

We  know  that  one  of  our  biggest  Jobs  ahead  will  be  In  the 
transition  period  when  many  of  our  office  records  will  be  transferred 
to  machine  records. 

A major  problem  confronting  any  agency  will  be  training 
personnel  who  can  both  present  a problem  effectively  and  program  it 
intelligently. 

I think  the  statement  is  true  that  I have  heard  from  several 
sources,  that  today  we  seem  more  advanced  in  solving  problems  from  the 
technical  point  of  view  than  we  are  from  the  . '.ewpoint  of  preparing 
problems  for  computers. 

More  confidence  will  have  to  be  gained  by  people  presenting 
problems,  since  they  have  heard  so  many  misstatements  about  computers, 
that  the>  are  confused  as  to  what  they  can  do.  Everyone  in  the  computer 
field  will  have  to  make  an  honest  effort  to  give  clear,  accurate  state- 
ments oo  that  no  more  misleading  interpretations  can  be  taken. 

For  ways  of  improving  computers  for  business  type  prcblems, 
let  us  look  to  the  future  for  a closer  link  between  the  scientist  and 
the  business  man.  Let  U3  dream  a little,  too,  and  visualize  the  age 
of  the  complete  push  button  automatic  data  handling. 
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In  response  to  questions  by  Adriral  Eccles  concerning  the 
sine  and  cost  of  the  P'.reau  of  Aeronautics  computer,  Mr.  Larson,  while 
he  could  not  quote  the  cost,  stated  that  the  main  electronic  part  of 
the  machine  and  the  magnetic  drum  occupied  cabinets  about  six  feet 
high,  four  feet  wide  and  seven  feet  long.  The  computer  system  also 
would  induct  tape  editing  units,  a high-speed  printer  and  two  pieces 
of  1TK  equipment— a card  input  ar.d  a card  output  unit. 

The  reed  for  a control  or  reference  number  in  the  logistics 
Computer  vac  questioned  indirectly.  The  question  as  stated  from  the 
floor  was  the  following:  "Can  seven-digit  Federal  identification 

numbers  be  adapted  to  use  for  identification  pu’-poses  in  the  Logistics 
Oom.  outer  without  conversion  to  a control  number?*1  Dr.  C.  B.  Tompkins 
pointed  out  that  direct  use  of  the  seven-occiral-dific  numbers  for 
identification  within  the  computer  would  require  expansion  of  the 
magnetic  drvm  storage  to  1<X)  times  its  present  size,  an  appalling 
idea.  Dr.  Tompkins  stated  that  it  is  absolutely  essential  to  face 
the  issue — that  to  demand  a piece  of  equipment  be  designed  to  accept 
stock  numbers  or  Federal  item  identification  numbers  is  simply  out  of 
reason  because  of  the  cost.  The  practical  alternative,  as  pointed  out 
by  Mr.  Wolf,  in  handling  a problem  requiring  greater  storage  capacity 
than  that  of  the  Logistics  Computer,  consists  of  repeated  runs  of 
portions  of  the  problem.  CaDtain  Hunt  mentioned  that  engineers  have 
stated  that  reliable  magnetic  drums,  up  to  thirty-four  inches  in 
diameter  and  capable  of  storing  1:)C,000  items,  can  be  built.  The  use 
of  such  high-capacity  storage  devices,  would,  of  course,  tend  to  limit 
the  number  of  computer-runs  required  for  a large  problem. 

The  development  and  use  of  large-scale,  electronic,  digital 
computers  in  foreign  countries  was  discussed  by  Mr.  Emerson,  Cdr.  Keene 
and  Dr.  Bluchman  in  response  to  a question  by  Mr.  Torrance.  Such 
computers  were  said  to  be  in  use,  or  in  various  stages  of  development, 
in  England,  Germany,  Sweden,  Switzerland,  Norway,  Holland,  Australia, 
Italy  and  Japan.  "The  Digital  Computer  News  Letter",  published 
quarterly  by  the  Office  of  Naval  Research,  and  the  ONR  report,  "Large 
Digital  Computer-Projects",  were  mentioned  as  a source  of  information 
on  this  subject. 

Professor  Morgenstern  mentioned  the  existence  of  a Russian 
book  on  computing  machines,  which  v'as  published  abouc  two  years  ago. 

The  text  of  the  book  describes  the  technical  features  of  computing 
machinery  just  as  any  ordinary  technical  book  ir,  English  does.  It 
is  interesting  to  note  that  the  tc  t con1. . -’ins  :.st  cnc  word  of  identifi- 
cation of  the  origin  cl  large-sen'";  eietd ronic  devices,  but  that  it 
is  well  illustrated  with  photographs  of  American  computer?. 
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In  response  to  questioning  by  Captain  bkmt,  Mr.  Schell 
discussed  the  programming  effort  required  for  major  linear  program- 
ming problems.  The  Air  Comptroller  UNIVAC,  applied  to  problems  of 
the  SCOOP  project,  is  manned  by  about  12  operators,  12  progranmers 
and  20  people  engaged  in  the  preparation  of  data,  and  the  operation 
of  the  auxiliary  tape  preparation  and  printing  equipment. 

Mr.  Geisler  pointed  out  differences  between  the  Air  Force 
computations  and  the  personnel  problem  described  in  Mr.  Wolf’s  talk. 
For  example,  flow  of  personnel  into  a theatre,  increments  of  inventory, 
and  rotation  of  personnel  are  a part  of  SCOOP  computations  of  this 
type.  These  additional  considerations  add  levels  of  complexity  to 
the  computation. 

The  built-in  logical  operations  of  the  Logistics  Computer, 
the  comparison  operations,  were  discussed  briefly  by  Mr.  Wolf  in 
response  to  a question  by  Gonmander  Stanley.  Commander  Stanley’s 
interest  stemmed  from  the  fact  that  in  matching  bidders  to  detcimine 
the  low  bid,  the  computations,  which  are  not  trivial  by  any  means 
if  tbey  are  to  serve  the  needs  of  his  agency  (ASTAPA),  require 
repeated  comparison  of  results  of  calculations  and  the  tossing  out 
of  the  low  or  the  high  one. 
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SUMMARY  REMARKS 
Tuesday,  1?  March  1953 
by 

Rear  Admiral  Ecdcs,  USII,  (Ret.),  The  Chairman 

I would  like  to  make  one  or  two  comments  on  the  computer 
situation.  I would  like  to  ask  you  to  bear  in  mind  the  difference 
between  the  general  purpose  and  the  special  purpose  machine. 

We  need  both,  but  there  is  no  use  in  trying  to  drive  a 
thumb-tack  with  a sledge  hammer,  nor  a railroad  spike  with  a tack 
hammer. 


I believe  this  question  of  reliability  and  maintenance 
will  be  a matter  of  the  greatest  importance.  I a3k  you  to  consider 
this:  How  do  the  requirements  of  defense  against  an  atonic  attack 

affect  our  thinking  in  regard  to  the  greater  mechanization  of  logistics 
planning?  Is  that  greater  mechanization  an  asset  or  a deterrent  to 
the  operation  of  a national  logistics  apparatus  in  time  of  an  atomic 
war?  I do  not  know  the  answers. 

1 think  it  is  equally  important  for  us  to  get  better  methods 
of  logistics  computation,  and  also  to  simplify  our  methods  of  logistics 
control.  Efficiency  will  come  from  both  ways.  But  it  is  as  equally 
important  for  us  to  simplify  our  requirements  as  it  is  for  us  to  find 
a simple  means  for  satisfying  requirements  that  are  not  simple. 

Finally,  I would  like  to  have  you  leave  with  the  thought— and 
this  applies  to  other  things  than  computation— no  computer  will  ever 
ask  the  proper  questions.  Professional  judgment  determines  vhether 
or  not  the  proper  question  is  asked,  if  you  ask  questions  within  the 
capabilities  of  the  computer,  the  computer  will  answer  them  quickly 
and  accurately. 

In  the  future  we  can  be  sure  that  one  of  the  criteria  ve  may 
use  in  estimating  the  ability  of  a logistics  planner  will  be, "Does  he 
know  the  capabilities  and  limitations  of  modem  computers?  Has  he  the 
knowledge  and  good  judgment  to  ask  the  computer  the  proper  question? " 

And  in  closing  today,  I would  like  to  express  my  great  thanks 
to  the  gentlemen  who  so  ably  presented  the  situation  this  afternoon, 
and  this  morning,  and  to  end  on  a note  that  Mr.  Larson  left,  which  is 
cne  I think  we  must  never  forget— computers,  mechanization,  or  anything 
else— that  regardless  of  how  this  develops,  as  usual  we  will  come  back 
to  the  eternal  question  of  the  training  and  education  of  personnel, 
which,  in  spite  of  everything,  will  always  be  our  most  difficult  and 
most  important  problem. 

Thank  you  very  much. 
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INTRODUCTION  TO  THE  "THEORETIC AE1  SESSIOSS 

by 

Prof.  Oskar  Morgenstern 


The  general  chairman.  Dr.  Mina  Rees,  said  that  or.  Wednesday  a 
person  named  Oskar  Morgenstern  would  take  the  chair  for  the  so-called 
"Theoretical  Session."  I am  this  person  and  I want  to  say  that  I am  very 
honored  in  having  this  privilege  of  introducing  so  many  excellent 
speakers. 


The  overall  program  is  broken  into  two  parts:  practical  and 

theoretical.  This  sort  of  division  easily  irks  somebody  who  works  in 
theory,  because  it  appears  as  if  it  were  unpractical;  but  if  you  look 
carefully,  you  will  find  that  the  arrangers  of  the  progran  have  in  their 
wisdom  put  these  two  words  in  quotation  marks,  thereby  indicating  that 
the  common  assumption  that  theory  is  not  practical,  might,  not  be  true. 

I hope  that  the  speeches  and  the  talks  and  other  contributions  and 
diaeussion  will  prove  this. 

Naturally,  we  will  progress  gradually  more  and  more  to  abstract 
thinps  in  the  sessions  of  today  and  tomorrow,  but  you  may  well  be  aware 
that,  for  example,  if  one  can  define  an  optimum  operation  of  a system, 
one  will  really  know  something  because  one  could  discover  whether  a 
given  system  actually  is  near  it  or  not  and  how  one  can  approach  the 
optimum. 


Insofar  as  the  theory  of  games  is  concerned,  it  appears  of 
course,  in  many  ways  even  more  remote  from  such  questions;  yet  on  the 
other  hand,  some  hardware  has  already  been  constructed  with  the  aid  of 
the  theory.  For  example,  certain  types  of  planes  have  been  selected  over 
other  types  of  planes  precisely  on  the  basis  of  this  theory.  Similarly, 
at  present,  for  example,  certain  works  are  in  progress  which,  if  success- 
ful, will  lead  to  the  construction  of  a particular  type  of  guided  missile 
because  it  would  be  possible  to  build  certain  concepts  of  strategy  into 
the  hardware  itself.  So  it  is  quite  clear  that  there  are  very  direct 
practical  connections. 

The  talks  of  this  morning  begin  with  the  talk  on  "Optimal 
Technology  for  Supply  Management."  The  speaker  is  Rear  Admiral  Frederick 
L,  Hetter  of  the  U.  S.  Navy;  he  has  a wide  experience  in  the  Atlantic 
and  Pacific,  and  since  January  1951  he  has  been  Assistant  Chief  of  the 
Bureau  of  Supplies  and  accounts.  It  gives  me  great  pleasure  to  introduce 
Rear  Admiral  Hetter. 
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THE  LIMITS  OF  CENTRALIZATION 
by 

Dr.  T.  M*  Whitin 
Princeton  University 

Although  the  problem  of  centralization  has  re- 
ceived, and  is  receiving,  much  attention,  an  adequate  defini- 
tion of  centralization  has  not  yet  been  devised.  People 
frequently  have  preconceptions  concerning  whether  central- 
ization is  good  or  bad,  although  there  is  often  a complete 
lack  of  reasons  for  these  opinions . 

Given  any  of  the  typical  definitions,  it  is  a 
simple  matter  to  construct  paradoxical  examples  that 
immediately  demonstrate  their  inadequacy.  For  example,  in 
the  current  controversy  concerning  unification  of  supply, 
much  of  the  discussion  implies  that  unification  is  equiva- 
lent to  centralization.  This  is  by  no  means  necessarily  the 
case.  It  is  quite  possible  to  have  a unified  but  extremely 
decentralized  supply  system,  and  conversely.,  to  have  a 
separate  supply  system  for  each  service  with  a high  degree 
of  centralized  control  of  each  service. 

The  problem  of  military  supply  is  a general 
equilibrium  problem.  In  wartime,  more  goods  can  be  produced 
for  the  military  only  at  the  expense  of  giving  up  production 
for  civilian  sectors.  Within  the  armed  services,  more  tanks 
can  be  acquired  only  at  the  expense  of  s^'ps,  planes,  etc. 
Unless  some  authority  is  placed  over  the  services,  grave 
difficulties  are  likely  to  ariee  concerning  priorities,  and 
it  i s not  likely  that  an  optimal  program  will  be  approxi- 
mated. Nor  is  a system  of  priorities  determined  by  the 
Munitions  Board,  whose  members  owe  allegiance  to  separate 
services,  satisfactory  A recent  book  by  the  War  Records 
Section  of  the  Bureau  of  the  Budget  contained  the  following 
passages 

"During  the  summer  and  fall  of  19^2  scores,  if 
not  hundreds  of  production  lines  were  closed -down  for 
brief  periods  when  the  flow  of  materials  ceased, 
and  the  conflict  of  high  military  priorities 
threatened  to  strangle  the  entire  war  production 
program,  military  and  civilian." 

A conversation  with  Archibald  Alexander,  former 
Under  Secretary  of  the  Army,  stressed  some  of  the  diffi- 
culties that  can  arise  because  of  different  profit  rates 
allowed  manufacturers  by  the  three  services.  Since  manu- 
facturers give  preference  to  the  service  allowing  the 
higher  profit  per  cent,  the  working  of  the  priority  system 
is  greatly  Impaired.  Clearly,  there  is  a great  need  for  a 

^The  United  States  at  War,  p~  2&0 
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new  priority  system  that  gives  more  adequate  consideration 
to  the  overall  viewpoint. 

Nevertheless,  the  conflict  between  the  need  for  realism 
and  detail  on  the  one  hand  and  for  coordination  on  the  other 

will  persist.  Ely  Devons,  wartime  director  of  the  Ministry 

of  Air  Production  in  England  wrote  that:! 

” Every  attempt  at  planning  reveals  these  two 
problems:  first,  the  need  to  split  up  the  field  to  be 

covered  so  that  each  administrative  unit  can  deal 
efficiently  with  its  own  sector,  and  second,  the  need 
to  secure  that  the  actions  of  these  separate  units  all 
fit  into  the  general  plan.  But  the  Implementation  of 
these  principles  always  leads  to  a conflict.  For  the 

first  requires  delegation  and  devolution,  so  that  plans 

can  be  manageable  and  realistic;  and  the  second  requires 
centralization,  so  that  plans  can  be  coordinated.'1 

Returning  to  the  problem  of  defining  centralization 
and  decentralization,  typical  definitions  Btate  that  under  a 
centralized  management  the  important  decisions  are  concen- 
trated at  one  central  point.  'rhis  type  of  definition  clearly 
Ignores  a point  brought  out  by  Herbert  Simon,  namely  that 

there  are  two  very  different  aspects  to  centralization;  

"decision -making  powers  may  be  centralized  by  using  general 
rules  to  limit  the  discretion  of  the  subordinate.  On  the 
other  hand,  decision-making  powers  may  be  centralized  by  taking 
out  of  the  hands  of  the  subordinates  the  actual  decision- 
making function. "2  in  a sense  the  latter  type  of  cen- 
tralization is  a special  case  of  the  former  where  the  rules 
lead  to  a unique  decision.  An  organization  might  be 
changed  from  completely  "centralized"  to  completely  "decen- 
tralized" by  nominal  changes  in  the  decision-making  process. 

This  illustration  indicates  some  of  the  diffi- 
culties Inherent  in  defining  centralization.  A somewhat 
different  type  of  problem  that  may  arise  may  be  illustrated 
by  the  recent  history  of  a large  mall  order  company.  The 
company  was  considering  a decentralization  of  certain  func- 
tions that  had  previously  been  highly  centralized.  Specifi- 
cally, the  company  was  considering  discontinuing  the  keeping 
of  sales  records  for  style  goods  in  a central  office,  the 
central  office  review  of  purchase  orders,  and  the  central 
office  revision  of  demand  estimates.  At  the  same  time  the 
company  was  engaged  in  bringing  together  under  one  supervisor 


^Ely  Devons,  Planning  In  Practice,  p.  14 

2Hcrbert  Simon,  Administrative  Behavior,  New  York,  1947,  p.  234. 
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certain  retail  and  mail  order  operations  that  had  been 
handled  by  different  supervisors.  Purchasing  and  disposal 
of  surplus  are  among  the  functions  thu3  centralized. 
Clearly  this  example  is  centralization  in  one  sense  and 
decentralization  in  another.  Is  the  net  result  more  cen- 
tralization, or  less?  The  answer  is  not  known.  There  is 
no  single  measurement  that  is  satisfactory  for  measuring 
the  degree  of  centralization.  As  soon  as  more  than  one 
characteristic  must  be  meaeured,  the  problem  of  assessing 
the  relative  importance  of  the  various  characteristics 
arises . 


If  we  assume  for  the  moment  that  we  can  measure 
the  degree  of  centralization,  then  the  problem  of  ascer- 
taining the  optimum  amount  arises.  Here  again,  many  fac- 
tors are  relevant  such  as  the  size  and  nature  of  the  organ- 
ization, the  capabilities  of  its  members,  and  the  costs  of 
information.  We  could  take  the  usual  approach  of  writers 
in  the  field  of  Public  Administration,  and  list  various 
advantages  and  disadvantages  of  centralization.  However, 
unless  there  are  methods  of  evaluating  the  factors  in- 
volved, this  approach  is  not  very  fruitful.  The  problem 
of  assigning  values  to  the  relevant  variables  is  the  most 
urgent  and  the  most  difficult  task  in  the  field. 

As  just  Indicated,  much  literature  in  the  Public 
Administration  field  consists  of  listing  advantages  and  dis- 
advantages. Other  literature  in  the  field  consists  of  a 
study  of  special  cases.  Herbert  Simon  wrote  of  the  "steady 
shift  of  emphasis  from  the  'principles  of  administration' 
themselves  to  a study  of  the  conditions  under  which  com- 
peting principles  are  respectively  applicable . This  is 
accomplished,  of  course,  by  choosing  situations  where  the 
weights  attached  to  some  particular  aspect  or  aspects  is 
sufficiently  high  to  dominate  the  other  aspects.  One  lead- 
ing authority  in  the  field  has  written  the  following  on 
integration 

" Public  Administration  has  only  a loose  content 
of  incomplete  observations,  speculative  hypotheses, 
and  unwarranted  conclusions  to  offer  the  student 
and  administrator  who  wishes  to  inform  himself 
about  the  best  settled  experience.” 


ipp.clt . , p.  240. 

2 Earl  Latham,  The  Federal  Field  Service,  Public  Administra- 
tion Service.  Chicago , 1 5^7 , p . fc . 
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Other  quotations  indicate  that  the  problem  of 
organization  requires  analysis,  balancing,  and  setting  values, 
but  do  not  go  on  to  carry  ou<  the  analysis.  ~.n  this  paper, 
several  aspects  of  the  centralization  problem  that  lend  them- 
selves to  formalization  will  be  presented.  The  models  are 
partial  equilibrium  models  and  are  at  best  only  approximations 
to  a complex  reality  involving  all  the  various  effects  and 
their  interactions.  It  is  possible,  however,  in  the  state  of 
present  knowledge,  that  a syn.emacic  evaluation  of  these  par- 
tial effects  may  be  useful,  for  it  may  frequently  be  the  case 
that  indirect  repercussions  are  small.  The  analysis  is  pri- 
marily Intended  as  an  example  of  the  type  of  analysis  that  may 
be  of  use  in  many  concrete  situations  involving  a choice  be- 
tween centralization  and  decentralization,  or  rather,  between 
a higher  and  a lower  degree  of  centralisation.  The  models  dis- 
cussed, as  most  economic  models,  involve  a balancing  of  the 
advantages  and  disadvantages  of  centralization  froiu  various 
specific  viewpoints. 

Before  discussing  the  aspects  of  the  problem  that 
can  be  formalized,  I shall  make  a few  general  remarks  on 
possible  limits  of  centralization.  It  is  generally  agreed  that 
increases  in  the  amount  of  centralized  control  bring  about 
substantial  Increases  in  the  difficulty  of  the  task  of  coordina- 
tion. For  example,  Herbert  Simon  mentioned  that  "referral 
upward  Introduces  new  money  and  time  costs  into  the  decision- 
making process. Also,  "noire"  is  introduced  that  interferes 
with  the  transmission  of  lnfoimation,  thus  necessitating  the 
making  of  decisions  on  the  basis  of  worse  information  than  that 
available  at  the  lower  level.  The  resulting  high-level  deci- 
sion may  therefore  not  be  better  than  the  lower-level  decision. 
Even  in  the  event  that  better  quality  of  decision  prevails  at 
the  high  level,  the  benefits  must  be  weighed  against  the  con- 
comitant costs. 

Urwlck  has  written  that  there  is  no  question  that  the 
functional  method  of  distributing  responsibilities  does  "very 
much  Increase  the  difficulties  if  coordination,  and  that, 
generally  speaking,  insufficient  thought  and  attention  have 
been  given  to  the  problems  which  it  raises  in  this  direction .” 2 

Similarly,  Russell  Robb  wrote,  "The  returns  from 
increasing  organization  do  not  continue  proportional  to  the 
effort  and  limits  are  reached  - - - the  loss  on  account  of 
difficulties  of  coordination  sometimes  more  than  counterbalances 

^Op.clt.,  p.  236 

2l.  Urwlck,  The  Elements  of  Administration,  New  York  19^ , 
p.  52.  ~ ™ 
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any  advantage  from  economy  that  can  come  from  functional 
division."*  Difficulties  of  coordination  either  ex- ^ 
plicitly  or  implicitly  play  an  Important  role  In  the  "de- 
creasing returns  to  management"  that  has  received  much 
emphasis  in  economic  theory.  Some  of  these  difficulties 
were  spiled  out  in  detail  in  Sir  Oliver  Franks'  Central 
Planning  and  Control  in  War  and  Peace,  as  the  following 
passages  indicate: 

•'All  really  large-scale  organization  has 
tendencies  to  inefficiency  Successful  de- 

termination of  policy  requires  high  intellectual 
ability  to  hold  the  many  diverse  factors  clearly 
before  the  mind  and  grasp  firmly  their  importance 
and  their  relationships.  - - - Abilities 
sufficient  to  cope  successfully  with  the  planning 
of  a small-scale  organization  are  insufficient 
to  deal  with  the  same  thing  on  a larger  scale 
- - - Inertia  has  been  described  a3  the  char- 
acteristic vice  of  the  bureaucrat  - - - Really 
large-scale  organization  compels  men  to  take  many 
decisions  at  a point  remote  from  the  places  where 
their  decisions  will  take  effect.  They  work  on 
paper.  The  in-tray  and  out-tray  symbolize  the 
situation.  It  is  not  easy  to  see  beyond  the  par  r 
and  hard  to  preserve  a lively  awareness  of  the  eal 
Issues  - - - Large-scale  organization  tends  to 
produce  a steady  flow  of  orders,  instructions  and 
memoranda  from  the  centre.  This  has  two  results, 
one  direct  and  the  other  indirect.  The  first  is 
that  initiative  at  the  periphery  is  restricted 
progressively  as  the  authority  of  the  centre  is 
asserted.  - * - In  the  second  place  a habit  of 
mind  1 3 engendered  in  the  staff  of  the  organiza- 
tion. They  come  increasingly,  when  confronted  by 
the  need  to  act,  to  look  for  rules  and  precedents 
in  the  light  of  which  to  determine  action  rather 
than  to  seize  cn  the  situation  for  what  it  is  or 
attempt  to  devise  techniques  and  methods  of  action 
which  will  yield  a fully  satisfactory  outcome  from 
it." 


Russell  Robb,  "The  Limits  of  Organization,"  reprinted 
in  Papers  on  Organization  and  Management,  edited  by 
Catheryn  Seckler-Hudson , American  University  Press, 
1946,  pp.  155,  171. 

2Harvard  University  Press,  1947,  pp.  27-30. 
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In  a sense . a production  line  constitutes  a 
highly  centralized  entity.  There  is  need  for  extremely 
close" coordination  between  all  the  components  of  the  final 
product.  Disturbances  in  one  part  of  the  line  may  necessi- 
tate stopping  production.  The  operating  costs  of  coordina- 
tion in  this  extremely  centralized  case,  however,  are  not 
high,  once  the  production  line  has  been  3et  up.  This  type 
of  extreme  centralization  can  take  place  only  in  a special 
tecnnoioglcal  set-up.  In  fact,  the  degree  of  centralization 
should  not  be  considered  independent  of  technology.  Considera- 
tion of  the  decision-making  process  during  battles  may  illus- 
trate the  importance  of  technological  considerations . In 
early  days,  the  supreme  commander  accompanied  his  men  to  the 
battle  field  and  made  key  decisions  on  the  spot.  In  recent 
war3  commanders  have  found  it  necessary  to  delegate  im- 
portant decision-making  powers  to  the  field.  The  latest  de- 
velopments in  communications,  television,  etc.,  may  make 
possible  a recentralization  of  decision-making,  for  rapid 
access  to  good  Information  may  enable  coordination  to  be 
brought  about  efficiently  from  the  center 

Difficulties  of  coordination  constitute  one  of  the 
principal  limiting  factors  to  centralization  of  many  types  of 
organization.  Ely  Devons  stressed  this  factor,  stating  that 
the  effective  limiting  factor  wa3  "the  limitation  in  the  num- 
ber of  variables  that  could  be  comprehended  by  one  brain  - - - 
the  decision  had  to  be  taken  on  the  basis  of  rough-and-ready 
orders  of  magnitude  that  the  co-ordinators  carried  in  their 
mlnd3."l  It  may  be  the  case  that,  a3  a production  line 
facilitated  better  coordination  in  the  above  case  of  centrali- 
zation, modern  techniques  in  large-scale  computation  may  effect 
better  coordination  in  overall  planning  problems.  If  the 
limiting  factor  13  the  number  of  interrelationships  that  can  be 
handled  in  one  brain  it  13  evident  that  an  electronic  brain 
can  handle  more  of  these  than  can  a human  brain.  Modern  pro- 
gramming techniques  may  thus  be  a tremendous  aid  in  military 
planning.  Programming  estimates  of  feasible  production  plans 
may  be  far  from  accurate  - - - and  yet,  if  they  are  better 
than  the  estimates  they  replace,  they  constitute  an  improve- 
ment. The  evaluation  of  these  techniques  depends  on  much 
more  empirical  testing  than  has  been  completed  at  the  present 
time . 


Some  factors  limiting  the  degree  of  centralization 
have  been  discussed.  Current  literature  in  economics  often 
stresses  thepe  limits  in  discussions  concerning  decreasing 
returns  to  scale  and  their  cauBeB.  At  the  3ame  time,  however 

^•"The  Problem  of  Co-ordination  in  Aircraft  Production,"  in 
D.  N.  Chester,  Lessons  of  the  British  War  Economy,  Ch.  VII. 
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some  factors  operate  to  effect  increasing  returns  to 
scale.  The  lack  of  emphasis  on  these  factors  constitutes 
an  important  deficiency  in  economic  theory.  The  facts 
that  large-scale  industry  makes  possible  a high  degree 
of  specialization  and  sometimes  enables  better  adjust- 
ment of  indivisible  factors  have  received  some  attention, 
but  certain  other  factors  that  bring  about  Increasing 
returns  have  been  discussed  hr.rdly  at  all.  For  example 
the  'repairman  problem'  cited  by  V/.  Feller^-  is  certain1!/ 
relevant  for  economics.  Thi3  problem  is  concerned  with 
automatic  machines  which  ordinarily  require  no  human 
care.  However,  they  are  subject  to  breakdown  and  call 
for  service.  When  the  number  of  breakdowns  and  the  re- 
pair time  Involved  are  assumed  to  be  random  variables,  the 
optimum  number  of  repairmen  can  be  computed.  The  results 
of  this  analysis  have  been  successfully  applied  in 
Swedish  industry.  The  number  of  repairmen  Increases 
much  less  than  proportionately  with  the  number  of  machines 
if  the  degree  of  protection  against  stoppage  i3  main- 
tained constant. 

Another  example  is  that  of  group  feeding,  where  the 
amount  of  food  required  per  person  to  provide  protection 
against  random  variations  in  demand  increases  much  les3 
than  proportionately  with  the  number  fed  in  a me3s  hall  d 
Stlll  other  examples  occur  in  the  field  of  inventory  con- 
trol, both  with  respect  to  purchase  quantities  and  safety 
allowances.  Economies  of  centralization  will  appear  in 
the  case  of  safety  allowances  wherever  demand  is  subject 
to  random  variations,  in  the  case  of  purchase  quantities, 
economies  of  centralization  may  appear  even  in  the  cases 
of  known  demand.  These  cases  will  be  discussed  below,  as 
they  play  an  important  role  in  the  partial  equilibrium 
analysis  models  constructed.  In  the  field  of  inventory 
control  empirical  observations  are  in  agreement  with  our 
theory.  For  example,  W.  F.  Luttrell  wrote  of  slower  turn- 
over rates  caused  by  the  existence  of  branches. Other 
empirical  evidence  is  not  hard  to  find.  A final  economy 

lC . Palm  "The  Distribution  of  Repairmen  in  Servicing  Auto- 
matic  Machines,"  Indlstrltidnlngen  Norden,  Vol . 75  > 19a/. 
pp.  ! 5-80  90-94.  cited  in  w.  Feller,  An'  Introduction  to 

Probability  Theory,  New  York  1951 , P-  379  n . 

^Edward  U.  Condon,  "Food  and  the  Theory  of  Probability." 

U.  S.  Naval  Institute  Proceedings,  Vol.  SO,  Whole  No.  3 . 

January,  193^- 

3w.  F.  Luttrell  The  Cost  of  Industrial  Movement . Cambridge 

1952.  P-  19-  

^T.  M . Whitin,  Inventory  Control  in  Theory  and  Practice.  " 
Quarterly  Journal  of  Economics,  Novenber  1952,  pp . 502-?"! . 
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of  scale  is  that  lower  cash  reserves  are  required  for  liquidity 
purposes,  relative  to  the  volume  of  sales.  In  general,  when 
ever  there  are  random  variations  in  economic  variables  it  is 
quite  likely  that  economies  of  scale  exist.  Since  random  var- 
iations permeate  a great  many  aspects  of  economics,  these  econo- 
mies are  of  considerable  importance. 

Now  returning  to  the  analysis  mentioned  above,  four 
models  will  be  discussed,  named  for  convenience  (!)  the  decision- 
making model,  (2)  the  safety-allowance  m'-del , (3)  the  location 
model,  and  (4)  the  purchase  quantity  model. 

(1)  In  the  first  model,  assume  the  existence  of  N 
independent  firms  assume  secondly  that  the  nature  of  deman3" 
interdependence  between  firms  is  known,  as  are  the  costs  of 
transmitting  information  concerning  demand  to  an  information 
center,  the  costs  of  operating  on  the  information,  and  the 
costs  of  feeding  back  Improved  estimates  of  future  demand  to 
the  firms.  In  the  case  of  random  demand  variations,  the  demand 
feedback  is  subject  to  decreasing  returns.  Since  the  costs 
remain  constant,  it  is  profitable  for  only  n of  the  N firms  to 
transmit  information  to  the  information  cenTer  which  would  feed 
back  the  results  to  all  N units.  The  greater  the  demand 
variance  . the  larger  is  The  number  of  firms  that  should  submit 
sales  results  to  the  center.  In  the  event  that  demai  ' is 
certainly  known,  and  there  are  no  systematic  interrelationships, 
then  the  need  for  an  information  center  disappears  and  each 
firm  or  supply  center  makes  its  decisions  independently. 

Realistic  examples  that  possess  some  of  the  essential 
characteristics  of  the  model  are  not  hard  to  find.  For  example, 
in  the  mail  order  business,  it  is  often  contended  that  there 
is  more  reason  for  centralization  of  control  of  style  goods  than 
for  staple  goods  because  of  the  volatility  of  demand.  The 
centralized  controller  feeds  back  sales  estimates  to  the  indi- 
vidual mall  order  stores  based  on  the  sales  history  of  all  the 
stores . 


(2)  In  the  safety  allowance  model,  assume  the  existence 
of  various  retail  outlets.  Assume  that  supplies  can  be  distrib- 
uted by  several  alternative  methods  among  which  are: 

(a)  directly  from  manufacturer  to  the  outlets, 
with  no  inter-outlet  transfer. 

(b)  from  manufacturer  to  a central  storage  ware- 
house and  from  there  to  the  retail  outlets. 

The  following  assumptions  are  made: 
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(1) 

(2) 

outlets 


The  demand  distribution  for  each  outlet  ^.s  known. 
The  following  delivery  times  are  known: 

(a)  tmr,  the  time  from  manufacturer  to  retail 


(b)  the  time  from  manufacturer  to  warehouse 

(c)  Wr,  the  time  from  warehouse  to  retail 

outlets . 


These  times  are  the  time  elapsing  between  sending  the 
order  and  receiving  the  merchandise. 

(3)  The  costs  of  depletion  are  known. 

(4)  Carrying  charges  are  known. 

For  different  values  of  the  above  parameters  one  can 
construct  some  situations  where  goods  should  be  shipped 
directly  from  manufacturer  to  retailer  and  other  situations 
where  goods  should  be  shipped  to  retailers  via  a central 
warehouse . For  example , the  larger  the  demand  variance 
the  more  likely,  other  things  being  equal,  it  is  that  the 
central  storage  function  of  the  warehouse  is  desirable. 

This  results  from  the  fact  that  safety  allowances  Increase 
less  than  proportionately  with  demand  - - - hence  central 
storage  reduces  carrying  charges.  Similarly  other  indica- 
tions that  central  warehousing  will  lead  to  reduction  in 
costs  are  a large  difference  between  and  twr  and  a 
large  number  of  retail  outlets,  for  each  of  these  considera- 
tions makes  reduction  in  safety  allowances  possible.  The 
level  of  carrying  charges  and  of  the  costs  of  depletion 
are  also  of  extreme  importance  in  determining  the  proper 
method  of  distribution  Increases  in  the  cost  of  depletion 
bring  about  a lowering  of  the  optimal  probability  of  de- 
pletion leading  to  increased  safety  allowances  and  thus  to 
increased  probability  that  central  storage  is  desirable 

Changes  in  the  level  of  carrying  charges  present  a 
somewhat  more  complicated  problem.  An  increase  in  carrying 
charges  should  have  two  effects,  namely  (l)  to  reduce  the 
level  of  protection  against  depletion  and  (2)  to  increase 
the  amount  of  saving  per  unit  of  reduced  safety  allowances. 
Effect  (l)  dominates  (2)  for  high  probabilities  of  deple- 
tion, while  for  low  probabilities  of  depletion  (2)  dominate 


1 


In  the  case  of  certainty,  this  function 


is  not 


needed . 


-9- 


FOURTH  ANNUAL  LOGISTICS  CONFERENCE:  WHITIH 


(l).  Therefore,  for  high  probabilities  of  depletion,  in- 
creases in  carrying  charges  decrease  the  likelihood  of  central 
storage  being  desirable.  Conversely,  for  low  probabilities 
of  depletion,  increases  in  carrying  charges  increase  the  likeli- 
hood of  central  storage . 

Reductions  in  safety  allowance  constitute  a field 
where  tremendous  savings  may  be  possible.  An  example  of  the 
ridiculous  level  to  which  safety  allowances  can  rise  is  de- 
scribed in  the  Bonner  Committee  Hearings  where  it  i3  pointed 
out  that  335  cans  of  paint  in  the  pipeline  f'-'om  the  United 
States  to  Germany  were  required  to  supply  the  using  unit  with 
one  can  of  paint  a day  for  maintenance  purposes.!  Rational 
analysis  should  illumirate  the  wastes  involved  in  a system 
that  allows  such  situations. 

Several  aspects  of  a realistic  model  have  been  omitted 
intentionally,  for  the  sake  of  ease  of  presentation.  For  example, 
purchasing  costs  have  not  been  included  although  methods  of 
incorporating  them  into  tie  analysis  have  been  described  else- 
where.^ Quantity  discounts  and  price  anticipations  are  among 
the  other  factors  that  have  been  omitted.  Nevertheless,  the 
model  does  indicate  that  in  some  situations  there  is  a need 
for  various  types  of  supply  some  involving  central  storage 
others  not  This  aspect  of  the  model  in  a sense  corresponds 
with  reality. 

(3)  In  locational  models  the  conventional  method  cf 
approach  postulates  the  existence  of  a central  office  and  ther 
decentralization  of  functions  in  some  time  sequence.  Perhaps 
a study  of  larg^  mail  order  companies  would  shed  light  on 
this  problem.  The  main  advantage  of  increasing  the  number  of 
mail  order  plants  is  that  better  customer  service  is  provided 
and  sales  are  increased.  On  the  other  side  of  the  ledger, 
inventory  levels  and  transportation  costs  must  be  increased. 
Attempts  should  be  made  to  quantify  these  various  aspects  of 
the  problem,  and  thus  rationally  arrive  at  the  decision  as  to 
how  many  outlets  are  desirable 

The  problem  of  determining  how  many  mess  halls  to 
have  on  a naval  station  possesses  the  essential  characteris- 
tics of  our  locational  model.  From  the  point  of  view  of  the 


1 


Federal  Supply  Management  Hearings, 
11,  1952  p . 42. 


Feb.  22.  2: 


^T.  M.  Whitln  The  Theory  of  Inventory  Management 
1953  PP-  5o-62" 


28..  March  5 
Princetor. 
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amount  of  food  required  the  smaller  the  number  of  me3S 
halls  the  more  economical  the  feeding  is.^  On  the  other 
hand,,  the  men  must  come  to  the  mess  hall  from  farther 
away,  if  there  are  few  mess  halls.  Thus  time  and  expense 
are  involved  in  getting  the  men  to  the  food.  • A balancing 
of  these  advantages  and  disadvantages  should  help  to  de- 
termine the  desirable  number  of  mess  halls. 

The  interrelationships  between  the  various  models 
considered  here  are  sometimes  of  a fairly  simple  nature. 

For  example,  some  aspects  of  the  location  model  can  be 
looked  at  as  changes  in  the  time  factors  in  the  safety 
allowance  model.  In  the  decision  model,  revised  demand 
estimates  fed  back  from  the  information  center  can  be  used 
for  the  safety  allowance  model’s  demand  estimates. 

(i»)  It  was  mentioned  above  that  the  determina- 
tion of  economic  purchase  quantities  leads  to  economies  of 
scale.  More  specifically  it  has  been  shown  by  many  authors 
that  the  best  balance  between  ordering  costs  and  carrying 
charges  may  be  achieved  by  ordering  a purchase  quantity 
equal  to  / 275  where  S represents  the  cost  of  placing  an 
I 

order,  Y represents  annual  $ sales  (at  cost  prices)  and  I 
represents  carrying  charges  (as  a per  cent  of  cost).  How- 
ever, such  a formula  is  based  upon  the  supposition  that  only 
one  order  is  required  for  a purchase.  In  the  event  that  the 
economic  purchase  quantity”  exceeds  the  capacity  of  the 
firm  with  which  the  order  is  placed,  the  simple  formula  is 
no  longer  applicable,  althotigh  it  can  be  modified  to  take 
this  difficulty  into  account. 

The  much  discussed  Paint  Study  carried  out  for 
the  Munitions  Board  by  a Harvard  Business  School  group  was 
an  attempt  to  evaluate  the  effects  of  centralization  on 
purchasing.  The  results  of  this  study  have  often  been  cited 
as  indicating  that  single -department  procurement  does  not. 
lead  to  savings.  However,  the  study  is  inconclusive  in 
this  respect,  in  that  it  merely  indicated  that  single -depart 
ment  procurement  does  not  lead  to  savings  in  one  particular 
instance.  The  reasons  for  this  failure  may  be  eliminated. 
For  example,  consider  the  argument  that  a very  large  purchas 
quantity  enables  producers  to  charge  a nigh  price,  for  they 
know  that  several  bidders  will  receive  contracts. 


^See  page  7,  above.  Of  course,  if  this  principle  is  carried 
too  far  dis-economies  may  set  in  due  to  type  of  equipment. 
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Surely,  It  Is  possible  for  the  single  department  to  space 
curcha3C3  in  nt  lenst  ao  efficient  a manner  as  the  individual 
services  could.  Furthermore,  the  single-department  procurer 
could  exert  more  powerful  monopolistic  influence.  On«S'  of 
the  reasons  that  this  possibility  did  not  materialize  is  that 
the  relative  urgencies  of  the  orders  of  the  departments  was 
not  evaluated.  A rovised  theory  of  priorities  and  more 
standardization  of  requi aitionlng  procedures  should  help  to 
eliminate  this  difficulty. 

Concerning  the  problem  of  unification  of  supply,  no 
one  is  yet  in  a position  to  evaluate  the  merits  and  demerits 
of  a unified  system.  The  facts  are  not  yet  known.  Nevertheless, 
to  clarify  some  of  the  iS3ue3  at  stake,  I should  like  to  make 
the  following  remarks: 

(1)  A commonly  expressed  argument  is  (a)  that  unifi- 
cation of  supply  systems  brings  about  centralization  (b)  that 
General  Motors  has  found  decentralized  operations  profitable; 
and  therefore  (c)  unification  is  bad.  As  indicated  in  the  flrBt 
part  of  this  paper,  unification  does  not  necessarily  Involve 
centralization.  Therefore,  this  argument  is  clearly  Invalid. 

(2)  Prom  the  safety  allowance  standpoint,  economies 
would  be  achieved  by  reducing  the  number  of  pipelines.  Ob- 
vious though  this  statement  may  be  a recent  statement  by  an 
individual  in  an  extremely  high  position  specifically  denied 
that  inventories  could  be  reduced  in  this  way  because  stock 
levels  depend  on  overall  military  requirements. 

(3)  The  amount  of  material  in  military  pipelines 
is  tremendous,  as  the  following  statement  before  the  Bonner 
Committee  Indicates 


"Those  two  pipelines  (Army  and  Navy),  at  the 
end  of  the  war  in  ETO  had  about  as  much  material  in 
them  as  i as  consumed  during  the  entire  World  War  II . 

The  Army  alone  reports  $31  434,000.000  in  supplies  on 
hand  at  the  end  of  World  War  II,  exclusive  of  subsistence 
or  petroleum  products  - - - . " 


The  savings  involved  in  reducing  these  pipelines  would 
therefore  be  of  a large  order.  For  example,  it  has  been  stated 
that . 


I 


eral  Supply  Management,  Sixth  Intermediate  Report  of  the  Committee 
Expenditure s in  the  Executive  Departments,  June  2 7,  1931  P-  79- 


Federal 
on 


2Federal  Supply  Management,  Hearings,  Feb. 

1532,  pp.  55-24 


22,  27,  28,  March  5 and  11. 
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"Cooperative  action  at  the  New  York  of Nice 
demonstrated  that  under  a unified  operation  it  is 
possible  to  look  for  tremendous  savings  from  in- 
tangible economic  factors.  These  embrace  the 
more  efficient  utilization  of  production  facilities 
and  materials,  less  competition  for  productive 
capacity,  more  favorable  prices,  improved  planning 
and  scheduling  of  supply  requirements  and  better 
purchasing  methods,  as  well  as  the  reduced  over- 
head of  consolidated  operations.  If  Army  and 
Navy  procurement  of  quartermaster  common  items, 
exclusive  of  subsistence,  fuels  and  lubricants  had 
been  combined  during  the  war,  this  ratio  would 
have  yielded  savings  amounting  to  $1 , llo, 000 ,000 ." 

(4)  The  Alameda  Medical  Supply  Test  indicated  that 
there  are  possibilities  of  large  savings  by  unified  dis- 
tribution of  medical  supplies.  Alameda  provides  a repre- 
sentative cross-section  of  supply  support  for  all  three  serv- 
ices in  the  Western  States  and  in  addition,  supplies  Korean 
operations . 

At  the  West  Coast  3ite  selected  for  the  medical 
test,  the  Army  previously  maintained  a medical 
depot  at  Oakland,  California,  with  3^*, 000  square 
feet  of  storage  space.  Across  the  street,  the 
Navy  had  a similar  depot  with  335. ODO  square  feet 
of  space.  The  Alameda  d<.;ot  w,  lh  3/7,000  square 
feet  of  space  replaces  these  two  installations 
totaling  879,000  square  feet  of  space.  This 
represents  a saving  of  some  200,000  square  feet  of 
valuable  space.  1 

(5)  The  Report  of  the  President’s  Committee  on 
Administrative  Management  stated 

"The  conspicuously  well -managed  administrative 
units  in  the  government  are  almost  without  excep- 
tion headc by  single  administrators  ." 

^•Alameda  Medical  Supply  Test,  .Seventeenth  Intermediate 
Report  of  the  Committee  on  Excenditures  in  the  Executive 
Departments  Government  Printing  Office  1952,  pp.  2,b. 

At  $8  per  square  foot,  this  represents  a saving  of  about 
1 1/2  million  dollars. 

2P-  32 
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Although  such  evidence  Is  not  conclusive,  it  should 
be  given  serious  consideration,  particularly  when  the  Bonner 
Committee  reports:^- 

'*  On  the  baBls  of  field  observations  to  date  and  other 
data  available,  supply  management  in  the  Department  of 
Defense  and  the  component  military  departments  lacks 
adequate  centralized  direction  and  coordination?1 

(6)  At  the  recent  Supply  Management  Conference  it 
was  contended  that  the  superficial  thinking  that  lead3  to  the 
false  conclusion  that  there  is  an  inherent  virtue  in  centrali- 
zation and  standardization  could  be  rejected.  It  cannot  be 
denied  that  there  are  certain  virtues  inherent  in  centraliza- 
tion and  standardization.  On  the  other  hand,  there  are  many 
examples  of  the  diseconomies  involved.  The  question  i3  one 
of  balancing  these  economies  and  diseconomies.  Concerning 
standardization,  it  is  clear  that  where  standardization  can 
be  effected  without  impairment  of  technical  efficiency  it  leads 
to  savings  through  reduced  inventory  levels. 

{{)  Concerning  responsiveness  to  command  as  an  argu- 
ment against  unification,  the  following  can  be  said: 

(a)  That  the  various  command?  operating  separate 
supply  systems  cannot  act  in  the  best  interests  of  the  nation, 
in  wartime,  for  the  overall  allocation  of  the  nation '3  scarce 
resources  must  be  considered. 

(b)  The  fact  that  the  Air  Force  has  been  supplied 
by  the  Army  without  raising  a large  number  of  problems  of  this 
type  i3  evidence  that  a unified  system  may  work. 

I wish  to  emphasize  in  closing  that  I am  not  contending 
here  that  unification  is  desirable.  Good  reasons  for  the  main- 
tenance of  separate  supply  systems  may  be  advanced.  It  is  ny 
contention,  however,  that  the  opponents  of  unification  have  not 
yet  presented  a good  case,  as  the  above  remarks  indicate. 


* Federal  Supply  Management,  Sixth  Intermediate  Report  of  the 
Committee  on  Expenditures  in  the  Executive  Departments,  June 
27,  1951,  P.  3. 
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FORMAL  DISC US ST  ON  ON 
WHITIN’S  PAPER 
by 

Prof.  M.  E.  Salveson 
University  of  California 

Last  year  at  the  Logistics  Conference  I visited 
Admiral  Watt,  then  head  of  the  Production  Division  of  ONM, 
together  with  Captain  Dudley  of  his  office.  Both  of  these 
officers  expressed  the  desire  to  have  an  "electronic 
machine"  that  would  project  onto  a screen  a "picture"  of 
the  status  of  production  in  the  nation,  at  least  as  far 
as  it  affected  Navy  Procurement.  This  year  I heard  Admiral 
Hotter,  from  Bureau  of  Supplies  and  Accounts,  say  he  would 
like  to  have  a picture  on  the  wall  of  how  the  world  wide 
situation  stands  at  any  time  in  regards  to  distribution  of 
Navy  supplies.  Both  Admirals  Watt  and  Hotter  appreciated 
the  potentialities  of  the  electronic  data  processing,  al- 
though the  supply  picture  seems  to  be  somewhat  farther  pro- 
gressed toward  high  speed  data  processing  — probably  be- 
cause there  is  Just  one  agency  handling  the  function  under 
fairly  well  "centralized"  control. 

In  keeping  with  the  views  initiated  by  these 
officers,  I will  confine  ray  remarks  to  the  problems  of 
data  processing  in  relation  to  centralization.  In  particu- 
lar reference  to  Dr.  Whi tin’s  talk,  I would  like  to  ask 
the  question,  "Centralization  of  What?"  and  "Why  Centralize 
My  suggested  answer  is,  "Centralization  of  decision-making, 
because  it  potentially  leads  to  more  efficient  use  of  avail 
able  resources." 

The  limits  on  centralization  that  I will  consider 
then,  are  the  limits  which  are  inherent  on  centralization 
in  decision-making.  Incidentally,  the  class  of  decisions 
to  which  I will  make  particular  reference  is  that  con- 
cerned, of  course,  with  logistical  problems,  i.  e.,  pro- 
duction, procurement,  and  supply.  These  have  to  do  with 
3uch  questions  as  to  what  to  make  or  buy,  how  many,  when, 
and  where,  to  whom  to  distribute,  when,  how,  etc. 

In  order  to  determine  the  limits  on  centraliza- 
tion of  decision-making  it  is  necessary  to  look  beneath 
the  immediate  question  and  determine  what  goes  on  under 
the  broad  name  of  decision-making.  This,  I suggest,  in- 
r.udet  the  following  aspects: 

a.  Information  seeking  activity 

b.  Information  and  data  processing 

c.  Decision-making  per  se 

d.  Feed-back  control. 

I will  explore  briefly  how  these  factors  limit 
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centralization,  and,  in  turn,  how  the  degree  of  centraliza- 
tion limits  efficiency  in  logistics. 

Firstly,  it  is  obvious  that  gathering  information 
can  not  be  centralized.  It  must  be  done  on  the  spot"  where 
it  is  generated,  such  as  In  the  field,  at  the  supply  depots, 
in  the  factory,  etc.  But,  there  is  an  important  limitation 
from  this  fact  --  the  amount  of  information  which  can  be 
given  to  a centralized  decision-maker  is  3trictly  limited. 

That  is,  regardless  of  the  care  with  which  information  Is 
collected,  the  mere  act  of  reducing  it  to  writing  or  of 
communicating  it  eliminates  3ome  of  it.  That  is,  some  of 
the  "richness”  or  content  is  eliminated  by  extracting  only 
that  which  the  collector  considers  important  or  relevant,  and 
by  placing  it  in  some  standard  terminology,  3uch  as  a 
language  or  code  form.  For  example,  it  is  seldom  possible 
to  report  the  'exact  ' shade  cf  a color,  or  to  give  the  "exact” 
conditions  at  the  1 .ctle  front.  Hence,  some  of  the  relevant 
facts  are  immediately  lost  in  conveying  the  information  to 
the  decision-maker. 

The  Information  and  data  processing  step  adds 
further  losses.  Firstly,  the  step  of  transmitting  the  in- 
formation takes  a further  toll  on  its  content,  as  well  as 
on  its  "timeliness."  There  may  be  errors,  further  standard- 
ization of  "shaded"  information,  etc.  And  finally,  the  in- 
formation i 3 t ' remitted  and  received  usually  much  later 
than  It  was  generated.  The  cost  of  transmission  is,  even 
in  the  most  urgent  case,  non-trivial  such  that  we  shall  not 
be  able  in  the  near  future  to  have  full  content  information 
transmission.  Of  course,  some  da>  when  we  have  3-D  color 
television  available  at  all  strategic  locations,  we  may  be 
able  to  overcome  some,  but  not  all,  of  this  loss.  The  con- 
sequence, in  any  case,  i3  that  the  centralized  decision- 
maker has  less  information  than  existed,  and  at  a later 
time  than  it  was  created  on  which  to  make  decisions. 

Other  steps  in  data  processing  make  centraliza- 
tion more  difficult,  in  particular,  the  amount  of  time  re- 
quired to  process  the  data  into  a form  which  will  permit  a 
'well-informed  decision.  The  notion  of  a well  informed 
decision  requires  explanation.  By  this  term  is  meant  a de- 
cision which  considers  the  conflicting  and  mutually  exclu- 
sive events  which  can  or  may  arise  from  carrying  out  any 
plan  which  may  have  been  decided  upon.  For  example,  if  in 
a shop  there  are  one  thousand  man  hours  per  week  available, 
and  there  are  production  orders  from  the  Army  for  eight 
hundred  man  hours,  the  Air  Force  for  eight  hundred,  ‘and  the 
Navy  for  eight  hundred,  it  is  necessary  to  ccr,3ider  all  of 
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these  orders  simultaneously  ir.  order  to  obtain  the  best 
compromise.  For  example,  if  a different  shop  "planner" 
handles  each  defense  agency's  orders  (as  often  is  the 
case)  and  there  is  no  central  authority  at  which  th  ;re 
is  common  consideration  of  the  effect  of  the  loading 
decision  of  any  one  on  plans  or  decisions  of  the  others 
(also  as  often  is  the  case),  all  or  most  of  the  procure- 
ment agencies  must  suffer  in  their  procurement  schedules. 

Under  this  situation  it  is  necessary  to  select 
some  "optimum"  compromise  as  to  amount  and  timeliness  to 
produce  for  each  agency.  This  kind  of  situation  is  very 
common.  There  is  almost  always  more  than  one  "end"  use 
to  be  made  of  limited  means,  such  that  it  is  necessary 
to  have  some  method  of  finding  the  optimum  compromise  m 
satisfying  the  ends.  But  this  requires  a large  amount  of 
data  processing,  and  is  very  often  time  consuming,  at 
least  until  larger  3cale  hi-speed  computers  are  available 
in  greater  numbers.  The  inevitable  consequence  is  either 
(a)  there  is  no  centralization  of  decision-making  with 
the  result  that  decisions  are  often  conflicting  and  not 
attainable,  or  (b)  there  is  centralization  with  inade- 
quate data  processing  and  hence,  poor  decisions. 

A full  discussion  of  this  problem  would  require 
much  more  time  than  is  alloted  here,  but  the  Interested 
reader  is  referred  to  a paper  from  which  much  of  this 
material  was  taken:  Salveson  and  Canning,  "Electronic 

Production  Control."  It  contains,  in  particular,  the 
way  in  which  centralization  with  necessary  data  process- 
ing was  conceived  in  at  least  one  factory. 

Decision-making  per  se , is  often  hopelessly  lost 
in  a morass  of  detail  unless  the  data  are  processed  in 
some  precise  manner.  That  is,  the  human  "mind"  can  en- 
compass only  a small  number  of  variables  at  any  one  time, 
such  that  a large  decision  must  be  broken  down  into  many 
small  ones,  or  must  be  aggregated  into  a few  variables, 
either  of  which  reduces  the  efficiency  of  the  decision 
and  the  resulting  plan.  If  the  decisions  are  to  be  "good," 
therefore,  we  should  have  them  made  as  often  as  possible 
by  some  automatic  means  which  can  consider  large  amounts 
of  detail.  This  does  not  mean  necessarily  that  an 
electronic  computer  will  be  the  decision-maker,  but  that  If 
the  data  reflect  the  subjective  preferences  as  well 
the  objective  relations  and  values  in  any  situation,  it 
can  materially  aid  in  making  the  decision.  The  process 
then  can  show  the  decision-maker  the  consequences  and 
conflicts  of  various  alternatives  which  may  be  considered 
before  any  of  them  are  carried  out,  so  that  he  may  select 
the  "best1'  one. 
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Finally,  there  is  the  need  for  feedback  control. 

This  need  is  reflected  in  the  many  common  proverbs,  such  as 
the  slip  twixt  cup  and  lip,  " or  best  laid  plans  of  mice 
and  men  go  astray,  1 etc.  The  fact  that  decisions  may  be 
poorly  made,  that  plans  must  change  with  changes  in  circum- 
stances. that  additional  information  alters  the  situation, 
etc.,  is  well  known  by  all  men  of  affairs.  The  consequen- 
tial need  is  for  feeding  back  information  from  those  who 
execute  plans  to  those  who  have  prepared  and  decided  upon 
them.  This  Information  is  used  both  for  making  new  plans,  as 
well  as  for  revising  old. 

This  means,  of  course,  reports,"  the  bane  of  all 
operating  personnel.  There  is  little  cure  for  them,  as  long 
as  we  are  to  take  advantage  of  the  increased  efficiency  of 
centralization.  Our  decision  center  must  be  Informed.  Of 
course,  much  can  be  done  to  make  the  reports  automatic  "by- 
products " of  regular  operating  controls  and  to  make  them  more 
efficient  in  terms  of  data  that  are  actually  required. 

I r any  case,  it  3trongly  appears,  therefore,  that 
increases  lr  efficiency  from  greater  centralization  --  at  least 
of  decision  nakir.g  --  must  come  from  more  efficient  methods 
of  lnformat  on  and  data  processing.  In  fact,  the  "Logistics 
Computer,"  which  is  available  for  inspection  during  this  con- 
ference, 1 s Just  such  a device.  In  essence,  it  is  an  elec- 
tronic machine  especially  designed  to  speed  up  the  process- 
ing of  large  amounts  of  logistics  data  and  thereby  aid  in  the 
more  efficient  planning  and  decision-making  processes  by 
logistics  planners.  It  is  understood  that  this  computer  is 
still  in  the  "research'  stage,  but  the  eventual  adoption  of 
machines  of  this  type  will  surely  make  for  more  efficient 
planning  and  decision-making. 

A word  of  caution  13  added,  however.  That  is,  al- 
though these  machines  will  handle  many  problems  in  a very 
small  fraction  of  the  time  required  by  conventional  manual  or 
punched  card  methods,  they  are  only  hi -speed  clerk3  that  need 
very  careful  instructions.  Hence,  it  will  be  necessary  to 
define  the  steps  taken  in  planning  and  decision-making  with 
far  more  care  than  has  heretofore  been  necessary.  While  this 
involves  interesting  mathematical  problems,  this  additional 
care  of  itself  also  will  Increase  the  efficiency  of  the 
planning  and  decision-making  processes.  And,  finally,  this 
general  approach  to  centralization  should  be  devoid  of  the 
many  pitfalls  formerly  found  in  plans  for  centralization. 

That  is,  it  would  be  possible  to  give  each  agency  more  adequate 
consideration  in  the  central  decision  process,  and  avoid  the 
"shortchanging"  any  of  them  unnecessarily  in  the  broad  de- 
cisions and  plans . 
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Admiral  Eccles  emphasized  the  magnitude  of  the  problem  of 
unification,  with  respect  to  the  logistics  implications.  The  objective 
in  logistics  is  not  econony;  rather,  economy  is  an  essential  means  to 
attain  the  objectives  of  the  national  welfare  and  security  of  the 
United  States. 

Questions  considered  pertinent  by  Admiral  Eccles,  each  of 
which,  he  and  Dr.  Whitin  agreed,  requires  a tremendous  degree  of 
scientific,  objective  study,  are  the  following: 

(1)  What  will  be  the  possible  effect  of  atomic -biological 
warfare  and  sabotage  on  a very  highly  centralized  logistic  support  systeo? 

(2)  What  is  the  meaning  of  the  word  "unify"? 

(3)  What  is  the  importance  of  good  faith  in  the  establishment 
of  cormon  objectives  as  opposed  to  improvement  in  mechanical  techniques 
in  the  operation  of  a military  defense  system  for  a nation? 

(L)  In  the  field  of  supply,  does  the  law  of  returns  operate? 

If  so,  at  what  size  in  a military  supply  system  does  the  law  of  diminish- 
ing returns  be^in  to  operate  and  how  does  it  operate? 

(5)  What  were  the  true  causes  of  massive  failures  in  the 
military  pipe  linos?  Were  those  caused  by  the  fact  that  there  was  an 
imperfect  knowledge  of  the  basic  principles  of  theatre  logistics  in 
our  operating  forces  in  World  War  II,  or  were  they  caused  by  the  fact 
that  we  had  separate  supply  systens? 

(6)  Which  supply  systems  that  operated  in  the  war  were 
actually  the  most  efficient  and  produced  the  greatest  effectiveness 

of  combat  support  in  relation  to  the  energy  and  effort  expended  in  their 
estabiisiimeno? 

(7)  What  is  the  effect  of  increasing  size  of  a ndlitary 
operation  or  establishment  on  the  quality  of  the  product  of  that 
establishment? 

The  discussion,  between  Admiral  Eccles  and  Dr.  Whitin,  on 
economy  as  a primary  desideratum  was  interesting  and  enlightening.  Dr. 
Whitin  held  the  view  that  minimization  of  cost  must  be  the  foremost 
objective  in  operation  at  given  production  revels,  under  given  military 
requirements  or  under  a fixed  budget.  Admiral  Eccles  expressed  concern 
over  the  use  of  criteria  in  Judging  the  effectiveness  of  operations  that 
are  not  based  on  a thorargh  analysis  of  the  objective  to  b e desired, 
analysis  taking  into  account  the  difference  betweenbemg  given  an  opera- 
tion and  the  determination  of  the  effectiveness  of  the  operation. 
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Dr.  Salveson  commented  during  the  discussion  on  the  pitfalls  in 
driving  analogies  between  the  military  establishment  and  large  industrial 
firms.  The  latter  are  economic  entities,  he  stated,  subject  to  competi- 
tion and  normal  attrition,  whereas  the  military  establishnent  provides 
one  service — defense  in  war. 

The  discussion  ended  with  some  brief  remarks  by  Professor 
Morgenstern  on  the  statement,  often  quoted  as  a maxim  in  certain  large- 
scale  operations,  that  it  is  necessary  to  obtain  a maximum  effect  with 
minimum  effort.  He  pointed  out  that  the  elimination  of  such  statements, 
which  serve  only  to  generate  misunderstandings,  is  traditional  in  science, 
and  could  well  be  applied  in  the  field  of  logistics. 


ESTIMATING  SHIPPING  REQUIREMENTS  AT  SHORT  RANGE 

ay 

Dr.  Harry  M.  Hughes 
University  of  California 


During  the  first  day  of  this  cc  iference  various  general  prob- 
lems in  fleet  logistics  were  presented.  Hy  purpose  this  afternoon  will 
be  to  take  a particular  set  of  such  problens  which  have  a similar  formu- 
lation and  to  discuss  some  of  the  methods  of  solving  one  of  them.  This 
particular  set  all  ask  the  question  "How  many  measurement  tons  of  a 
certain  type  of  material  arrive  at  tidewater  for  a given  destination 
during  a designated  time  period?”  To  make  it  more  concrete,  a typical 
problem  would  bo  "How  many  measurement  tons  of  dry  cargo,  excepting 
aircraft,  will  arrive  at  Pacific  Coast  tidewater  for  the  Far  East 
Theatre  during  May?"  This  is  known  as  Die  3hipping-estimate  or  cargo- 
generation-estimate  problem. 

Generally  speaking,  there  are  Lliree  dilferent  groups  of  such 
questions  corresponding  to  the  length  of  time  in  advance  that  an  estimate 
is  made.  Long  range  estimates  are  needed  at  staff  levels  for  budget 
planning,  for  shipbuilding  plans,  for  establishment  or  disestablishment 
of  port  bases,  and  for  judging  feasibility  of  strategic  plans.  Inter- 
mediate estimates  for  a period  of  several  months  ahead  are  needed  at 
general  and  subordinate  staff  . evels  for  allocations  of  shipping  among 
the  services  and  among  the  theatres  of  operation  in  time  of  short  supply 
of  ships,  for  overall  scheduling  of  snipping  at  any  time,  for  major 
diversions  of  supplies  to  provide  maximum  utilization  of  loading  and 
unloading  ports,  and  for  Judging  feasibility  of  tactical  plans.  Short- 
range  estimates  are  useful  at  the  operating  level  in  scheduling  individ- 
ual ships  and  in  preventing  temporary  congestion  at  ports.  For  research 
purposes  and  occasionally  for  control  purposes  the  question  is  even 
asked  after  the  designated  txme  period  has  passed  — that  is,  after  May 
in  the  foregoing  concrete  question. 

The  method  of  answering  the  question  — that  is,  of  making  the 
estimate  — will  be  essentially  different  for  each  of  the  foregoing 
groups.  This  is  primarily  due  to  the  fact  that  there  are  different 
amounts  of  information  available  at  different  times  preceding  the  desig- 
nated period,  A secondary  difference  in  the  groups  is  that  different 
accuracies  are  required.  However  it  is  this  availability  of  information 
which  calls  for  different  methods  of  attack  in  answering  the  question 
when  asked  a year  in  advance  from  the  methods  to  be  used  when  the 
question  is  asked  only  two  months  in  advance.  Even  so,  there  are  certain 
elements  in  common  to  both  situations  so  that  progress  toward  an 
effective  method  of  forecasting  in  one  situation  becomes  an  advance  in 
the  solution  of  the  other. 

Probably  the  most  common  approach  to  a solution  in  any  of  the 
cases  has  been  that  of  using  an  average  cube-per-r an-per-month  factor 
along  with  some  fairly  accurate  estimate  of  the  number  of  men  involved. 
This  is  of  course  more  successful  with  certain  types  of  material  than 
wi  h others  — with  food  for  example  but  not  with,  repair  part-3. 
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Probably  the  second  most  common  method  for  estimating  up  to 
four  months  ahead  is  that  of  observing  the  jagged  curve  of  measurement 
tons  generated  in  previous  months  and  extrapolating,  at  the  same  time 
adjusting  subjectively  for  any  presumed  changes  in  the  previous  level 
or  trend  of  activity.  In  periods  of  abrupt  change  this  obviously  gives 
little  to  go  on.  Even  during  periods  which  one  would  otherwise  consider 
quite  stable  the  cargo  generated  from  month  to  month  fluctuates  in  a 
manner  very  difficult  to  sharpshoot  by  this  method.  To  evaluate  the 
errors,  one  many  consider  a chart  which  presents  these  e^rorr  .\bove  and 
below  a central  line  representing  the  actual  tonnage.  ,:One-n:.:ith"  and 
"two-nonth"  forecasts  have  been  displayed  in  Figure  1.  fou  m ;y  note 
that  the  one-month  forecast  is  not  as  much  more  accurate  as  might  be 
believed  without  such  illustration.  The  average  error  for  the  two-months 
forecast  was  over  5,000  measurement  tons  before  Korea  and  about  12,000 
measurement  tons  since  Korea.  The  three  months  of  transition  are  r.ot 
included  in  these  computations.  This  gives  some  idea  of  the  size  cf  the 
error  in  terms  of  ship  space  involved.  On  the  theory  that  a large-scale 
operation  could  expect  or  permit  a larger  measurement-ton  error  we  might 
consider  what  the  percentage  error  was  for  this  period.  Figure  2 is 
a chart,  which  shows,  month  by  month,  the  percentage  deviatiens  above 
and  below  the  horizontal  line  at  true  generation.  Note  that  the  percent- 
age error  varies  from  1 percent  in  several  places  up  to  50  percent,  still 
omitting  the  three  months  of  transition.  The  average  percentage  error  is 
between  15  and  18  percent  for  both  the  before  Korea  and  after  Korea 
periods.  These  are  for  the  two-months  forecast,  which  actually  was  made 
about  the  tenth  to  fifteenth  of  the  month  preceding  the  month  forecasted. 

(Hereby  hangs  the  tale  of  reporting  information,  because  the 
accumulation  and  assimilation  of  the  information  regarding  the  actual 
generation  in  a given  month  was  not  accomplished  until  the  fifteenth  of 
the  following  month,  thus  delaying  the  forecast.  This  is  a difficulty 
which  plagues  most  of  the  methods  — accurate  and  timely  information 
accumulation  plus  assimilation.  But  let  me  return  to  the  methods.) 

What  information  then  is  available  besides  past  performance 
which  might  reasonably  give  a clue  to  future  cargo  generation?  Before 
material  moves  there  must  be  issued  a demand  document  for  it;  hence, 
it  appears  reasonable  to  assume  that  there  is  information  in  demand 
documents  about  cargo  generation.  Consider  for  a while  a control  center 
♦ which  pass  all  the  documents  (or  copies  thereof)  concerning  the 

movements  of  the  type  of  material  concerned  from  original  demand  to  arrival 
at  tidewater.  What  information  on  the  demand  documents  would  constitute 
perfect  information?  Three  things  are  required:  Method  of  shipment, 

time,  and  cube.  First  (method  of  shipment)  it  is  necessary  to  know  which 
items  on  the  document,  if  any,  will  eventually  be  shipped  by  surface  (as 
opposed  to  air  or  parcel  post  shipments  and  cancellations).  If  forecasts 
for  parcel  post  generation  are  desired,  then  further  detail  would  be 
necessary.  Second  (time)  it  would  be  necessary  to  know  when  each  item  on 
the  document  (to  be  shipped  by  surface)  will  arrive  at  tidewater.  And 
third  (cube)  it  would  be  necessary  to  know  what  number  of  cubic  feet  of 
packed  material  will  result  from  each  item  to  be  shipped  by  surface. 
Consider  each  of  these  three  separately. 
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Cargo  Oenerntlon  to  P 0 A (plotted  as  forecast  over  A c r u a 
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Method  of  shipment  --  It  is  not  in  general  known  on  a demand 
document  just  what  the  method  of  shipment  will  be.  There  are  of  course 
general  inferences  — emergency  requisitions  will  most  often  result  in 
air  shipments;  very  small  itoma  may  go  parcel  post  depending  on  the 
quantity  of  other  inaterial  generated  for  the  sane  addressee  at  the  sane 
time  and  depending  on  the  current  policy  with  respect  to  parcel  post 
shipments  — that  is,  whether  all  packages  below  a specified  size  and/or 
weight  are  to  be  shipped  parcel  post  or  whether  such  packages  are  to  be 
held  for  a few  days  for  the  purpose  of  consolidation  if  possible  and 
subsequent  surf shioment.  But  with,  a few  exceptions  of  shipment 
by  air  it  is  not  known  from  the  demand  document  what  the  method  of  ship* 
ment  will  be  for  the  particular  item  "demanded". 


Yet  it  is  possible  to  make  statistical  statements  about  the 
method  of  shipment;  that  is,  the  proportion  of  iter.3  requested  which  are 
shipped  by  surface  remains  fairly  constant  over  a period  of  time.  This 
situation  was  investigated  for  the  material  controlled  by  the  Pacific 
h.eq ; isition  Control  Office  for  a period  before  and  after  the  Korean 
impulse.  After  subtracting  out  the  cancellations,  the  proportion  going 
by  any  particular  method  of  shipment  remained  rougiily  constant.  There 
was  one  noticeable  change  in  the  proportions  which  was  found  to  coincide 
with  a change  in  parcel  post  policy  at  NSC  Oakland  looking  toward  more 
m<  venent  by  parcel  post.  Thus  while  it  nay  not  be  feasible  to  place  a 
method  of  shipment  on  each  demand  document,  it  may  be  feasible  to  assume 
that  out  of  each  thousand  line  items  so  many  hundred  will  be  shipped  by 
surface.  The  precise  factor  to  be  used  may  be  determined  from  the  current 
completion  data  arriving  at  the  control  center.  While  this  involves  an 
extrapolation  Just  as  does  the  prevalent  method  of  forecasting  from  past 
shipments,  the  variability  of  the  factor  from  month  to  month  is  much  less. 
If  a sudden  change  or  initial  movement  is  to  be  included  in  the  forecast, 
the  method  of  shipment  is  likely  to  be  completely  determined. 

The  real  difficulty  in  this  first  point  (method  of  shipment) 
is  the  determination  of  those  items  which  will  be  cancelled.  In  the 
Pacific  Requisition  Control  Office  data  the  volume  of  such  cancelled 
items  was  extremely  high.  A major  source  of  such  cancellations  were  the 
items  ordered  by  ships  in  the  forward  area  wiueh  returned  to  tidewater 
before  the  items  were  shipped,  Such  items,  delivered  to  the  requisi- 
tioning ships  at  tidewater,  were  cancelled  insofar  as  PRCO  was  concerned. 
Since  ship  schedules  are  fairly  well  known  in  advance,  combination  of 
such  information  with  the  time  information  to  be  discussed  as  point  two 
may  well  resolve  most  of  the  problems  of  predicting  cancellations.  So 
much  for  the  various  aspects  of  the  first  piece  of  information,  method 
of  shipment. 


Consider  now  the  second  piece  of  information  — time.  One  way 
to  determine  from  a demand  document  the  time  at  which  the  items  will 
arrive  at  tidewater  is  to  place  c scheduled  arrival  period  on  the  docu- 
ment, This  system  has  been  in  use  by  several  agencies.  The  success  of 
such  a procedure  of  course  depends  on  the  knowledge  and  realistic  atti- 
tude of  the  scheduler  as  well  as  the  cooperation  of  all  the  sections 
which  are  involved  in  i seeing  and  transporting  the  material.  Such  a 
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scheduling  system  obviously  runs  afoul  of  the  difficulty  of  allowing  far 
local  conditions  and  temporary  deviations  as  well  as  the  other  attributes 
of  scheduling  treated  recently  by  Professor  Salve3on.  If  the  scheduler 
sits  at  the  position  of  the  control  center,  where  he  is  better  able  to 
obtain  current  information  on  the  capabilities  of  the  supply  system,  many 
of  the  present  difficulties  of  the  DDD  (deadline  delivery  date)  system 
can  be  eliminated.  However  there  still  remain  many  hazards,  not  the  least 
of  which  is  the  scheduling  of  obligated  material,  which  entails  sane  idea 
of  the  time  a contractor  will  actually  deliver. 

So  again  ve  may  turn  to  the  statistical  approach.  Is  there  a 
constancy  in  the  time  of  supplying  an  item  to  tidewater  which  will  enable 
us  to  assign  a time  of  arrival  to  a certain  percentage  of  a stack  of  line 
items  even  though  it  is  not  known  just  which  particular  ones  vri.ll  arrive 
in  that  period?  Again  the  answer  is  yes,  there  is  an  essentially  constant 
distribution  of  supply  times,  provided  the  supplying  depot  and  3tock  status 
are  known.  With  a good  flow  of  information,  these  two  bits  of  information 
may  well  be  available  promptly  at  the  control  center  for  use  in  the  fore- 
casting process.  Specifically,  material  that  is  in  stock  is  furnished 
according  to  a relatively  stable  skewed  curve  from  month  to  month  with 
percentages  quite  closely, forecastable  from  the  immediately  preceding 
median  times.  The  shape  of  this  distribution  was  found  to  remain  stable 
through  the  Korean  impulse. 

Material  obligated  — that  is,  placed  on  standby  status  until 
the  material  actually  arrives  at  the  d'  ot  concerned  from  action  already 
taken  by  the  depot  — has  practically  o uniform  distribution  of  supply 
time;  that  is,  of  the  line  items  obligated  in  one  month,  roughly  a con- 
stant number  will  arrive  at  tidewater  in  the  third  month,  fourth  month, 
fifth  month,  etc.,  up  to  a distant  month  depending  on  the  type  of  mate- 
rial concerned.  For  different  depots  the  in-stock  and  not-in-stock 
curves  vri.ll  center  at  different  time  points  tut  will  have  the  same  shape. 
This  is  again  a constancy  which  changes  gradually  from  month  to  month 
due  to  improved  efficiency  or  reduction  of  workload  or  improved  avail- 
ability in  the  open  market,  etc.  Three  samplings  recently  performed 
on  PRCO  records  indicate  a high  reliability  of  time  forecasting  by  this 
r.v.  thod  • 


Possibly  the  most  variable  o l the  three  components^ -method  £f 
shipment,  tine,  and  cube—is  the  last,  the  cube  of  each  item  on  the 
demand  document.  One  way  of  obtaining  this  information  would  be  to 
place  in  the  various  catalogues  a cube  figure  for  each  item  and  require 
that  it  be  copied  onto  the  requisition  or  other  demand  document.  This 
is  not  an  impossible  task,  although  there  is  a question  as  to  its 
efficiency  in  the  end  for  several  reasons.  One  reason  is  the  extra 
bteden  placed  on  the  requisitioning  agency.  If  the  requisitioning  agency 
be  a ship  or  if  it  be  any  activity  in  a forward  area,  it  should  not  be 
expected  to  do  more  than  a minimum  of  such  detail  work.  Another  reason 
is  that  quite  a few  items  are  ordered  for  which  a Navy  number  — and 
hence  presumably  a cube  'Igure  — is  not  assigned.  Such  items  are 
numerous  in  the  Yards  and  Docks  cognizance  material.  Allowance  lists 
and  automatic  resupply  lists  in  so^e  of  the  cognizance  categories  are 
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such  lists  of  cube  item  by  item,  particularly  for  the  faster-moving 
material.  These  may  eventually  find  their  place  in  the  control  process 
as  well  as  the  planning  processes  — both  in  forecasting  and  in  other 
applications.  It  must  always  be  renumbered  in  any  of  the  foregoing, 
however,  that  some  arrangement  must  be  made  to  allow  for  the  cube 
introduced  by  packing  the  item  for  overseas  shipment. 

One  compromise  to  reduce  the  load  of  assigning  a cute  to  each 
and  every  item  or  line  item  is  that  of  ignoring  the  small  items  end 
giving  particularly  clone  attention  to  the  large  items,  with  routine 
treatment  of  the  in-beuu  ens.  For  example,  all  items  1 ess  than  one 
cubic  foot  might  be  completely  ignored  a setting  up  the  forecast. 

In  Navy  practice  there  is  a sufficient  number  of  such  small  items  to 
add  up  to  a quite  significant  proportion  of  the  total  cube  shipped. 

Hence  they  cannot  be  ignored.  Fortunately,  it  is  quite  possible  and 
relatively  dependable  tr  identify  er.ch  item  as  being  in  a certain  cube 
range,  counting  the  number  of  items  in  each  range  and  using  an  average 
cube  within  each  range.  An  incomplete  study  of  material  arriving  at 
NSC  Oakland  tidewater  during  one  month,  analyzed  class  by  class, 
indicates  the  possibilities  in  this  direction  with  seme  suggestion  for 
useful  cube  ranges. 

Four  charts  will  indicate  what  I mean.  For  class  51  material 
measured  in  gallon  units  the  distribution  of  cube  per  item  is  very  closely 
grouped  around  the  two-tenths  point  (Fig.  3).  Thus  the  assigning  of  the 
figure  two-tenths  to  all  class  51  material  measured  in  gallon  units  would 
not  lead  to  a very  high  error,  either  in  absolute  value  or  percentagewise. 
Quite  a few  claas-unit  combinations  were  found  to  have  this  general  type 
of  distribution,  though  of  course  with  different  values  of  cube  per  unit 
at  the  centering  point  of  the  distribution.  Another  quite  prevalent 
type  of  distribution  is  typified  by  class  15  material  measured  in  feet 
(Fig.  U) . Here  is  a great  preponderance  of  very  small  material  with  a 
few  items  relatively  larger  but  still  nothing  over  two-tenths  of  a cubic 
foot  per  item.  While  the  dispersion  is  greater  for  this  type,  the  use  of 
an  average  value  is  still  justified  with  any  reasonable  number  of  items. 

A third  type  of  distribution  is  represented  by  class  33  material  measured 
in  square  yards  (Fig.  5).  Here  it  is  obvious  that  different  kinds  of 
material  are  involved,  each  quite  homogeneous  within  itself.  However  the 
dispersion  of  the  groups  is  not  so  great  but  what  one  could  use  a single 
average  for  a reasonable  number  of  items  although  it  would  probably  not 
be  too  hard  to  identify  the  different  kinds  and  assign  an  average  to  each 
Finally  there  is  a fourth  type  of  distribution  which  absolutely  demands 
the  isolation  and  individual  cubing  of  particular  items.  This  type  is 
represented  here  by  class  12  material  in  "each”  units  (Fig.  6).  The 
preponderance  of  the  items  is  down  in  the  same  cube  range  as  before, 
even  more  so  than  is  indicated  on  the  chart,  but  there  exist  significant 
quantities  of  items  having  around  20  cubic  feet  per  item.  These  are 
sufficient  to  make  any  average  figure  quite  unrealistic  so  that  they  must 
necessarily  be  identified  before  a cube  figure  is  assigned. 

Since  line  items  are  relatively  easy  to  count  (3nd  are  counted 
anyway  for  other  purposes)  in  the  present  system,  and  since  an  increase 
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or  decrease  in  number  of  line  items  should  in  some  way  be  reflected  in 
a corresponding  subsequent  increase  or  decrease  in  measurement  tons 
shipped,  attempts  have  been  made  to  find  a cube-per -line-item  factor 
which  might  be  used  for  various  planning  purposes.  Over  the  period 
previously  mentioned,  a study  of  line  items  completed  versus  measurement 
tons  shipped  fer  material  under  Pacific  Requisition  Control  Office 
cognizance  shows  a lack  oi  steadiness  which  precludes  the  use  of  such 
a general  factor  (Fig.  7)-.  Note  the  changes  of  more  than  100  percent 
even  during  a period  which  was  considered  relatively  stable.  However 
it  may  be  still  possible  to  U3e  the  cube-per-li ne-i  tem  approach  if  a 
continual  cubing  of  sample  line  items  properly  selected  is  carried  on 
to  determine  the  current  factor.  Tlius  the  factor  would  be  based  on 
current  rather  than  past  data.  Thi3  would  of  course  require  that  prac- 
tically 100  percent  knowledge  be  availeble  at  the  sample  cubing  point 
regarding  cube-per-item  information. 

Hence  we  are  brought  book  to  the  statistical  evaluation  of  cube- 
per-item  for  each  of  a set  of  material  subdivisions  such  as  classes.  The 
encouraging  fact  about  determining  cube-per-item  for  each  class,  estimating 
cube  by  class,  and  then  combining  for  the  total  estimate  is  that  in  * 
manner  the  error  can  be  greatly  reduced » The  principle  involved  is  that 
of  additivity  of  variance  for  sums  of  independent  variables.  Thus,  since 
che  deviation  of  the  cube  of  the  particular  items  requisitioned  from 
their  class  mean  is  quite  reasonably  assumed  to  be  independent  of.  the 
deviation  of  the  cube  of  any  other  particular  items  in  a stack  from  their 
class  mean,  it  follows  that  the  ability  to  forecast  the  cube  of  any 
particular  item  need  not  be  exceptionally  accurate.  For  example,  suppose 
the  cubing  process  were  broken  down  into  one  hundred  factors  — that  is, 
one  nundred  class-unit  groups  or  some  other  such  recognizable  b^akdown. 

If  then  the  accuracy  of  the  cube-per-item  factor  in  each  group  were  only 
on  the  order  of  30  percent,  the  accuracy  of  the  total  tonnage  computed 
from  these  figures  would  be  on  the  order  of  3 percent,  which  is  obtained 
by  dividing  30  percent  by  the  square  root  of  100,  the  number  of  groups 
involved.  This  is  a very  generalized  statement  but  indicates  the  order 
of  improvement  which  might  be  obtained.  The  approach  has  been  well 
proven  in  populational  sampling  under  the  heading  of  stratified  sampling. 
More  specific  analysis  of  variances  within  groups  for  the  previously 
mentioned  sample  has  not  been  completed,  though  the  graphical  portrayals 
of  the  distributions,  as  already  indicated,  are  hopeful. 

With  several  alternative  procedures  available  in  each  of  the 
components  — shipment  method,  time,  and  cube  --  there  is  a variety  of 
combinations  from  which  to  choose  for  the  forecasting  method.  The 
combination  chosen  will  depend  on  various  record-keeping  policies  for 
other  purposes  than  forecasting  and  on  the  prevalent  methods  of  trans- 
mitting and  handling  information  (paper  work).  A criterion  for 
optimum  system  must  take  into  account  the  cost  in  time  and  money  of  the 
data-gathering  and  data-nanipulat:.on  as  well  as  the  accuracy  of  the 
forecast  in  terms  of  variance,  H/T,  or  percentage  error  of  some  sort. 
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Basically  any  system  of  the  foregoing  type  will  require  keep- 
ing trp.ck  of  thousands  of  line  items  with  :■  r.formatirn  for  each  including 
cognisance,  supplying  depot,  stock  status,  or  p^rh  .”5  directly  method 
of  shipment,  time  of  shipment  and  cube,  as  well  as  a running  file  of 
such  active  items,  there  will  be  involved  various  counting  procedures, 
elementary  computations  of  adding  and  multiplying,  and  perhaps  some 
sampling.  It  is  at  once  evident  that  if  the  running  file  could  be 
placed  in  the  storage  of  an  electronic  corrqutcr,  th-.‘  v-.ry  few  routines 
would  be  needed  to  provide  the  necessary  forecast  at  stated  intervals. 
Furthermore  sharp  c.ungcs  or  impulses  such  us  th»  ..or'un  activity  could 
easily  and  quickly  be  handled. 

Now  forecasting  alone  .nay  not  be  sufficient  unification  for 
the  complete  utilization  of  an  electronic  computer  --  or  of  a particular 
storage  capacity  of  one.  However  the  storage  envisioned  above  would 
have  many  other  control  uses.  It  would  provide  a very  convenient  file 
for  movement  control  functions  and  for  follow-up  functions  such  as  are 
performed  now  by  PRCO.  The  most  formidable  difficulty  is  probably  the 
matter  of  getting  the  proper  information  to  the  machine,  particularly 
with  respect  to  progress  and  completion  information. 

Either  with  or  without  the  use  of  computing  machines,  there 
are  many  places  in  control  and  plannin;  where  properly  designed  samples 
can  reduce  time  and  manpower  involved  yet  produce  realistic  and  depend- 
able numerical  values  for  the  purpose  desired.  Consider  as  an  example 
the  matter  of  the  time  lapse  from  transmittal  of  demand  document  by  FftCO 
to  arrival  of  material  a+  tidewater.  The  determination  of  this  time  for 
each  of  thousands  of  item  ■ is  a burdensome  task  either  by  hand  or  by 
machine.  Having  once  established  the  stability  of  the  form  of  the 
distribution,  as  previously  mentioned,  and  having  decided  what  accuracy 
is  desirable,  it  is  a simple  computation  to  determine  the  size  of  sample 
required,  because  of  the  shape  of  the  distribution,  it  was  felt  that 
the  median  would  be  a more  meaningful  statistic  and  would  in  many  cases 
require  a smaller  amount  of  sampling.  For  each  combination  of  cognizance^ 
stock  status,  and  method  shipment  a sample  size  was  determined  which 
would  yield  an  estimate  within  10  percent  of  a true  median  at  least 
95  percent  of  the  time.  This  is  given  by  the  formula: 

n = (yc)"2 


where  y is  the  ordinate  of  the  frequency  distribution  at  the  median  and 
c is  10  percent  of  the  true  median.  Since  the  true  values  were  not 
known,  the  observed  values  of  y and  c were  used  from  several  different 
months  to  make  the  estimate  of  n.  The  results  were  quite  consistent 
from  month  to  month.  In  general  the  number  of  computations  per  month 
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hundred. 


.us  reduced  from  over  a thousand  to  enc  or  two 


Thus  by  further  development  of  information  procedures,  by 
introduction  of  well-designed  sampling  procedures,  and  perhaps  by  the  use 
of  machine  aids,  control  and  planning  responsibilities  such  as  that  of 
estimating  shipping  requirements  may  have  much  of  the  subjective  element 
removed. 
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FIGURE  7. 


Ratio  of  Measurement  tons  shipped  to  lint  items  conj leted 
by  3 renth  increments. 
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Summary 

Given  the  available  supply  of  a commodity  in  m shipping 
points  and  given  the  demand  at  n receiving  points,  the  problem  is 
to  schedule  the  shipments  of  cargo,  or  the  return  of  empty  ships,  or 
both,  in  an  optimal  way.  This  means  that  routes  and  times  of  shipping 
have  to  be  so  determined  that  the  schedule 

1°  is  feasible  with  regard  to  time -phasing 

2°  minimizes  travel  C03t  (cargo-  or  ballast  travel  or  both) 

3°  uses  minimal  ship  requirements. 

The  problem  is  described  by  means  of  a mathematical  model 
leading  to  linear  programming  as  a method  of  solution.  It  amounts  to 
minimizing  a linear  function  under  constraints  represented  by  linear 
inequalities,  and  solutions  yield  feasible  schedules  which  minimize 
total  cost  of  transportation. 

Problems  postulating  only  one  of  the  three  mentioned 
properties  at  a time  have  been  investigated  by  several  authors.  In 
particular,  consideration  of  2°  has  led  Hitchcock  [51  and  Koopmans  [6] 
to  their  classical  transportation  model. 

Properties  1°  and  2°  taken  Jointly  have  been  considered  by 
G.  B.  Dantzig,  J.  Fennell,  C.  B.  Tompkins  and  the  author. 

Computational  methods  for  linear  programming  have  been 
developed  by  Dantzig  111  and  others. 
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1.  Notation* 

To  fix  the  ideas,  we  speak  of  ships  and  cargoes,  although  tho 
considerations  are  net  restricted  to  sea  transportation*  The  ships  are 
assumed  to  be  all  of  the  3ame  type  and  to  carry  a single  C'i  iodi‘y, 
which  is  measured  in  shiploads  as  unit. 

Shipping  points  are  labelled  1,  2,  . . i,  ..  ro;  receiving 
points  are  labelled  1,  2,  ..  j,  ...  n,  so  that  generally  i will  always 
refer  to  a shipping-,  to  a receiving  point- 

The  cargo  shipping  is  described  by  the  following  (m  x n) 
cumulative  functions  of  time 

Fij(t)  the  total  number  of  cargoes  which,  up  to  tine  t 
(inclusive),  leave  the  shipping  point  i for  the 
j-th  receiving  point  as  destination. 

Similarly  the  ballast  shipping  is  described  by  the  (m  x n) 
cumulative  functions 

Xij(t)  the  total  number  cf  ships  which,  up  to  time  t 
(inclusive),  leave  the  receiving  point  in 
ballast  travel  towards  the  shipping  point  i. 

Some  of  the  routes  may  have  no  ca  'go-  or  ballast  travelj  then 
the  corresponding  functions  will  be  identically  zero. 


Evidently,  total  shipping  during  a specified  interval  of 

time, 

a < t < b 


♦ See  diagrams  at  end  cf  this  paper 
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is  given  by 

F (b)  - F (a)  for  cargo  from  i to  and 
“ X^(a)  *or  traa  £ to  i. 

We  no*  consider  a time  period  of  length  T,  say  from  t - 0 
to  t - T.  In  accordance  with  practice  in  discrete  scheduling,  the 
period  T (say  a month)  is  divided  in  intervals  of  unit  length  (say 
1 day)  each,  which  we  number  1,  2,  ...  k,  ...  T.  Shipping  during  one 
of  these  intervals  is  then  briefly  denoted  by: 

fijk“  Fij(k)  ” FijO1-1)  cargo  shipping  from  i to  $. 

during  k-th  interval 

x ^ - X (k)  - X (k  -1)  ballast  shipping  from  [ to  i 

during  k-th  interval 

Sailing  times  (including  time  for  loading  and  unloading)  are 
approximated  by  integers  and  denoted  by: 

a cargo  sailing  time  from  i to  ^ 

b^  ballast  sailing  time  from  ^ to  i. 

Eventually  we  may  have  a^j  • b^. 

Per  ship  such  cost  of  travel  as  is  in  excess  over  pure 
maintenance  cost  at  anchor,  is  denoted  by: 

d.  . cost  of  ballast  travel  from  1 to  i. 
ij  * 

d«  cost  of  cargo  travel  from  i to 
2.  The  basic  problem 

The  shipments  during  the  considered  time  period  T will  in 
general  be  part  of  a larger  shipping  program,  which  has  been  under 
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operation  before— and  is  to  continue  after  that  period.  However  it  nay 
be  assumed,  without  loss  of  generality,  that  the  whole  operation  is 
restricted  to  the  period  V,  starting  at  t • 0 and  ending  at  t = T. 
Also  all  essential  features  are  preserved  if  it  is  first  a3r.uned  that 
the  schedule  for  cargo  shipping  is  given,  the  problen  then  being  to 
optimally  schedule  the  ballast  shipping. 


The  cargo  schedule  is  represented  by  the  system  of  numbers  f . . . 

2.JK 

This  means  we  have  a set  of  tables,  one  for  each  time  interval  k;  each 
table  has  two  entries,  thus  stating,  for  every  shipping  point  i ar.d  every 
receiving  point  j,  the  number  of  cargoes  scheduled  to  leave  i for  ju 
To  find  a ballast  schedule,  means  to  construct  a similar  set  of  tables 
containing  numbers  of  ships  scheduled  to  leave  in  ballast 

towards  i during  k.  Such  schedule  will  be  a solution  to  the  problem 
if  it  fulfills  the  3 conditions  mentioned  in  the  suimary. 


By  the  condition  of  feasibility  for  a ballast  schedule  we  mean, 
first,  that,  at  any  time  interval  k,  only  those  ships  that  are  present 
at  a receiving  point  can  be  scheduled  to  leave  this  point,  and  second, 
that,  at  each  shipping  point  i,  empty  ships  arrive  at  times  and  in 
numbers  as  needed  to  meet  the  given  cargo  schedule. 

A ballast  schedule  is  understood  to  fulfill  the  condition  of 
minimal  travel  cost  if  the  schedule  is  feasible  and  has  least  travel  coso 
among  all  possible  feasible  schedules. 

The  last  of  the  3 conditions,  demanding  that  an  optimal  schedule 
should  use  the  smallest  possible  number  of  ships,  is  closely  related  to  t! 
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the  first  2 condi tions  and  depends  moreover  on  the  initial  geographical 
positions  of  the  ships.  To  assure  the  existence  of  a feasible  schedule, 
a given  number  of  ships  may  be  sufficient  if  favorably  located,  and  not 
sufficient  if  too  far  away  from  the  points  where  needed.  Concerning 
relations  between  ship  requirements  and  ballast  travel,  it  may  seem 
attractive  to  assume  that  a schedule  with  least  ballast  travel  will 
require  the  smallest  number  of  ships,  and  conversely.  This  however  is 
not  true,  since  in  increasing  the  number  of  ships  the  number  of  feasible 
schedules  increases,  and  among  the  additional  scr.edules  so  obtained 
there  may  be  some  with  less  ballast  travel.  In  such  case  the  operating 
agency  will  have  to  decide  which  of  the  two  possibilities  it  prefers: 
less  ballast  travel  with  more  ships  in  use,  or  less  ships  with  larger 
ballast  travel  cost. 

It  has  became  customary  to  deal  with  ship  requirements  and 
travel  cost  separately.  The  illustrated  interdependence  however  shows 
the  need  for  a more  consistent  formulation  of  the  problem.  This  is 
obtained  by  going  back  to  the  general  definition: 

A schedule  is  optimal  if  it  minimizes  total  cost.  The 
problem  then  is  to  find  an  optimal  schedule. 

Cost  of  operating  a ship  can  be  broken  down  into  cost  of 
procurement,  maintenance,  devaluation,  cargo-  and  ballast  travel  (in 
excess  over  maintenance). 

Cost  of  procurement  may  mean  the  difference  of  the  price  one 
has  to  pay  when  buying  a ship  and  the  price  he  would  obtain  on 
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immediately  reselling  it;  it  may  also  mean  a constant  fee  one  has  to  pay, 
in  addition  to  the  time  rate,  when  chartering  a 3hip?  or  it  may  represent 
the  disutility  of  having  to  withdrav;  that  ship  from  another  task  in  order 
to  make  it  available  to  the  claiming  agency.  Such  disutility,  measured 
in  the  same  units  as  the  other  cost  factors,  will  then  depend  on  how 
badly  the  ship  is  needed  elsewhere  (and  may  at  times  tz  zero). 

Cost  of  maintenance  and  devaluation  are  assumed  linear  in  time 
and  therefore  proportional  to  the  number  of  3hips  and  the  length  of  time 
under  operation. 

Cost  of  cargo-  and  ballast  travel  are  determined  by  the 
respective  schedules.  Since  at  present  the  cargo  schedule  is  assumed  to 
be  given,  the  corresponding  cost  is  fixed  and  need  not  be  considered 
when  minimizing  total  cost. 

To  make  the  model  simple,  it  can  be  assumed,  without  loss  of 
generality,  that  the  transportation  agency  has  no  3hips  available  at 
the  beginning  of  the  operation.  It  is  further  assumed  that  the  agency 
can  not  only  procure  the  ships  necessary  for  the  operation  but  can  also 
dispose  of  ships  when  no  longer  needed.  Evidently  the  agency  will  not 
procure  and  dispose  of  ships  more  often  than  necessary,  since  such  a 
transaction  involves  I083.  Even  if  redisposal  is  not  permissible  (for 
instance,  an  agency  operating  its  own  ships,  buying  but  never  selling 
them),  we  3till  formally  provide  such  possibility  in  the  model,  for 
bookkeeping  reasons;  disposal  followed  later  by  procurement  can  be 
prevented  by  simply  presetting  the  mentioned  loss  sufficiently  high; 
disposal  without  subsequent  procurement  will  then  mean:  no  longer 


needed 
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3»  T»*€  iiiOdcl 

We  refer  to  notations  in  section  1,  In  addition  to  the  m 

shipping-  and  n receiving  points,  numbered  1 to  m and  1 to  n 

respectively,  we  introduce  two  more  points:  a source  (for  procurement) 

and  a sink  (for  disposal)  of  ships.  Since  elupr.  ucedcd  at  sh:np-1r:’ 

points  generally  come  in  ballast  frcm  receiving  points.,  the  source  is 

formally  included  in  the  system  of  receiving  points  and  labelled  z-^o. 

Similarly  the  sink  will  appear  as  shipping  point  with  label  0.  In  ts's 

way  procurement  and  disposal  of  ships  are  formally  included  in  the 

ballast  schedule,  represented  by  the  system  of  numbers  x i 

i Jk 

If  i and  are  both  different  from  zero,  still 

denotes  the  nunber  of  ships  leaving  (during  time  interval  k)  the 
actual  receiving  point  ^ , in  ballast  travel  towards  the  actual 
shipping  point  i . 

For  j = 0,  x ^ is  the  number  of  ships  acquired  (during 
k)  at  the  source,  for  first  use  at  the  shipping  point  i . 


For  i = 0,  is  the  number  of  ships  leaving  , bound 

for  the  sink,  i.e.  no  longer  needed  after  delivery  of  their  last  cargo 
at  receiving  point  ^ . 


The  case  that  i and  are  both  zero  is  excluded,  since 
no  8 hips  are  eent  directly  from  the  source  to  the  sink  (unless  the 
operating  agercy  also  engages  in  dealer'*?  activities.).  Henceforth  by 
(ballast)  schedule  we  will  understand  this  general  type  of  schedule 
{ x.  } that  includes  procurement  and  disposal  of  ships,  in  admitting 

XjK 

nonsimultaneous  zeros  for  subscripts  i and  ^ . 
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If  no  limitations  are  put  on  the  number  of  3hips  available  at 
the  source  at  any  time,  then  feasible  schedules  will  cortairly  exist. 

Given  a feasible  schedule,  what  i3  the  total  cost? 


The  cost  of  actual  ballast  travel  of  a ship  from  j to  i has 
been  denoted  by  d^(i^  0,  j / 0). 

The  cost  of  procurement  maintenance  and  dovhluation  wiT  1 be 
denoted  by  diCk,  if  the  ship  is  acquired  during  time  interval  k and 
bound  for  first  use  in  shipping  point  i.  Formally  this  cost  then  appears 
as  "cost  of  ballast  travel  from  0 (the  source)  to  i That  pa rr.  of 
this  cost  which,  in  some  later  time  interval  k , is  recovered  through 
disposal  of  the  ship  at  the  point  j , will  be  denoted  by  dQ^k  . A 
possible  form  of  these  functions  is: 


where 


P ♦ c(T  - k) 

- ( Sj  ♦ c(T  - k)  J , 


p^  is  "purchase  price  fob  i ", 
s is  "selling  price  at  j ",  and 

J 

c is  oost  of  maintenance  and  devaluation  (amortization) 
per  ship  and  unit  time  (for  other  possible  meanings  see 
section  2). 


The  total  cost  then  is  obtained  by  multiplying  each  of  the 
x' a with  the  corresponding  d’s  and  algebraically  adding  up  the 
products. 


-6- 


OPTIMAL  SCHEDULING  IN  TRANSPORTATION 


A feasible  schedule  that  has  minimal  total  cmst  is  a 
solution  to  the  prcblenu 

The  total  nvanber  of  chips  used  in  the  schedule  is  the  ?um  of 
all  the  x^'s. 


li«  Technical  formulation 

The  time  variable  k will  be  written  as  subscript  or  as 
argument,  whichever  is  more  convenient. 


The  feasibility  conditions  are: 


(1) 

i 0 

n 

n 

(2) 

A fiJk  ' 

X x1.  (k 
j=0 

-v 

m k 

m k 

(3) 

lit 
1-1  r=l  U 

(r  - V 

> l Z 
~ i=0  r--l 

Ojl  j • • «F» 

0,1, . • .n 

1.2.. .  Tj 

1.2. .  . .m  i 

1.2.. .  Tj 


J 1,2, ..n't 

k = 1,2, ..Tj 


(2)  expresses  the  condition  that  the  total  number  of  cargoes  leaving  i 
during  k should  equal  the  total  of  arrivals  at  i during  the  same  k. 
Arrivals  consist  of  ships  coning  in  ballast  from  receiving  points 
(j  f 0),  or  coming  new  from  the  source  (j  = 0). 


(3)  states  the  simple  fact  that  at  any  time  no  more  3hips  can  leave  a 
receiving  point  ^ than  are  present  at  that  point,  which  means  that, 
for  any  k,  the  total  arrivals  during  (0,k]  must  be  > the  total 
departures  during  (0,kl , including  disposals  (i=0).  It  has  been 
assumed  that  no  ships  are  present  at  the  beginning;  initial  values 
different  from  zero  would  partly  introduce  constant,  terms  in  (3). 
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The  decision  on  equality  in  (2)  and  inequality  in  (3)  means 
that  ships  will  spend  their  eventual  waiting  times  at  receiving  points 
(and  not  at  shipping  points  i).  The  converse  assumption  would  yield 
optimal  schedules  which  are  less  economical  (since  the  assumption  would 
decrease  the  number  of  feasible  schedules).  Inequality  in  both  constraints 
is  of  course  possible,  and  somewhat  more  general,  in  the  sense  that  it  may 
furnish  additional  schedules,  although  without  improving  on  the  minimal  cost* 

The  loss  function,  representing  total  cost  of  operation 
(disregarding  the  fixed  cost  of  the  fixed  cargo  schedule),  is 

L “ ^ xj  » 

1,  j,k  *3*  iJ*t 

with  the  agreement  that  d^  ~ d^  when  both  i and  j / 0. 

The  feasible  schedules  that  minimire  total  cost  are  solutions 
of  the  linear  programming  problem  of  minimi  ting  the  linear  function  L 
under  the  constraints  (l)-(3). 

The  existence  of  solutions  can  be  confirmed  in  proving  for 
instance  that 

(a)  the  constraints  are  satisfied  by  sane  schedule 

(b)  the  homogeneous  form  of  the  problem  (i.~.  left-hand 
sides  of  (2)  and  (3)  replaced  by  teros)  has  a 
null- solution. 


Since  ships  are  assumed  tc  be  available  at  the  source  at  any 
time  in  ary  nvanber,  (a)  is  proved  by  choosing 


n 


*ijk  = 0 for  ■>  = 0 ‘ ,nd  *10(k  - bi0>  ° J 

J ^ 
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where  ia  procurement  lead  time.  This  schedule  satisfies  the 

constraints  (it  simply  uses  a new  ship  for  each  cargo). 

To  prove  (b),  we  remark  that  only  the  null-schedule  satisfies 
the  homogeneous  forms  of  (2)  and  (3)  simultaneously;  it  is  therefore 
the  only  feasible  schedule,  and  consequently  also  a solution,  of  the 
homogeneous  problem.* 


$,  Extensions 

In  the  basic  problem  treated  so  far,  the  cargo  schedule,  i.e. 
the  system  of  numbers  (f^j^  » been  assumed  a3  given,  and  only  the 

ballast  schedule  { x^ ) was  sought.  Without  changing  essential 
features  several  other  assumptions  are  possible,  a few  of  which  will  be 
indicated  in  the  sequel. 


5.1.  Total  cargo  shippings  from  i.  j.  during  entire  time 
period  T are  given;  optimal  ballast  and  cargo  schedules  are  sought. 

Let  c^j  denote  the  given  totals.  The  only  changes  in 
the  technical  set  up  of  the  model  are,  that 

(a)  not  only  the  x.  but  also  the  f , . ha^e  to  be 

ijk  ijk 

considered  as  variables 

(b)  in  addition  to  the  constraints  (l)-(3)  we  have  the 
constraints 

(1.)  f1Jk>0 

T 

(U)  2 f i^  = (i  = 1,2, ...m;  j = 1,2,. ..o) 


*The  question  of  existence  of  integral  solutions  will  be  discussed  in  a 
forth'  omi  ng  paper. 
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The  loss  function  L regains  the  same,  since,  because  of  the 
fixed  totals  c^,  the  cost  of  cargo  shipping  does  not  vary  with  the 


Similar  treatment  can  cover  the  cases  where  totals  for 
specified  subperiods  are  given. 


5.2.  For  the  entire  period  T , the  total  supply  in  each  i 
and  the  total  cargo  shipping  to  each  ^ are  given;  optimal  cargo  ard 
ballast  schedules  are  sought.  This  is  the  general  case,  where  total 
cost  of  ballast  and  cargo  shipping  has  to  be  minimized. 

Let  be  the  total  supply  in  i_  and  q the  total 

shipment  to  ^ , In  addition  to  the  constraints  (l)-(3)  of  the  basic 
prrblem,  we  have  the  following  two  systems  of  constraints! 


(la) 

V 1 0 

(U*> 

T n 

1 1 *i1k  - Ci 

k=l  J=1 

(i  - 1,2, ...m) 

T m 

(5) 

A in  = qJ 

(j  ~ 1,2,. ..n) 

The  loss  function  changes  tot 


L*  = 


fiJk^  * 


where  d*^  = d^  = travel  cost  per  cargo  from  i to 


5.3«  Tolerance  in  Timing.  Here  again,  as  in  the  basic  problem, 
the  cargo  schedule  is  considered  to  be  given,  however  with  the  understanding 
that  slight  deviations  in  shipping  times  are  permitted.  To  fix  the  ideas, 
say  that  cargoes  may  leave  up  to  3 days  earlier  and  up  to  2 days  later  than 
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I 


marked  in  the  given  cargo  schedule.  Such  assumption  brings  the  model 
closer  to  reality,  since  in  moat  cases  the  given  cargo  schedule  will 
have  been  constructed  on  the  basis  of  estimates  and  averages  of  data, 
and  therefore  ia  itself  to  be  considered  as  an  approximative  rather 
than  an  exact  frame  of  requirements. 

Making  use  of  the  admissible  tolerance,  the  domain  of  feasible 
schedules  becomes  larger,  with  the  possible  effect  of  savings  in  total 
cost,  or  of  making  a plan  feasible,  which,  because  of  limitations  in 
ships,  would  be  unfeasible  under  the  rigid  schedule. 


When  using  the  admissible  tolerance,  the  given  f can  no 

longer  be  considered  as  representing  the  actual  cargo  schedule.  Hence, 

in  addition  to  the  variables  x, ,,  of  the  ballast  schedule,  we  introduce 

ijk 

variables  for  the  cargo  schedule.  The  problem  is  again  one  of 

linear  programming.  As  constraints  we  have: 


The  relations  (l)-(3 ) of  the  basic  problem  with  the  f 
replaced  by  y^*  and  in  addition 


ijk 


*ijk  1 0 


k-d 


k+a 


>\ 


( \.  = 1,2,..  m 

J j - 1/2, . . .n  ^ 

^k  - 1,2,..  T J 


0***)  i fUr  < i yUr  i £ f,,r 

r=l  1Jr  r=l  J ' .=1 
if  the  tolerance  of  advance  and  delay  in  shipments  is  of  a and  d 
time  intervals  respectively. 


The  loss  function  remains  the  same  as  in  the  basic  problem. 
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Extensions 


Soughtt  optimal  cargo  and  ballast  schedules. 


I Given  total  cargo  for  each  route 


{h)  2 = ciJ 

k=l  v'  J 


fi  = 1,2, ..mV 
= 1 > c * • • nj 


II  Given  total  supply  and  demand  in  each  i and  respectively 


(t*>  I 

rp  ^ 

(5)  i l fljk  = 4j 


k=l  J=1 


(i  = l,..m) 


(j  = l,..n) 


L*  = l (^jk  xijk  * dijk  *ijk- 


III  Tolerance  in  shipping  times:  admissible  advance  a,  delay  d 

In  (l)-(3)  replace  by  variables  y^  . 

k-d  k k+a  Ci  - l,2,..m) 

(li  ) Z ^iir  £ ^ ^ijr  £ " -ir  *\  J ~ l>2,..nr 
r=l  J r=l  J r=l  ^ \ks1.2...Tj 
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FORJttL  DISCUSSION  ON 

HELLER »S  PAPER 
and 

HUGHES*  PAPER 
by 

Martin  Shubik 
Princeton  University 


I will  discuss  Dr.  Heller's  paper  first.  Dr. 
Heller  told  me  Just  a while  ago  that  this  paper  is  en- 
visaged as  one  of  a series,  and  he  trusts  that  as  he  can 
develop  this  topic.,  some  of  the  extra  conditions  needed 
for  models  of  transportation  will  be  considered.  Hence, 
my  remarks,  which  will  point  out  some  features  that  would 
be  desirable  to  have  in  models,  should  not  be  construed  as 
a negative  criticism  of  the  previous  paper. 

As  many  of  you  here  know,  thi3  study  on  trans- 
portation has  been  founded  on  the  work  of  Koopmans,  Reiter, 
Dantzigfand  others.  It  is  in  an  eminently  practical  field, 
because  the  problems  of  foreign  aid  supply,  and  military 
mission  supply,  fit  very  well  into  the  conceptual  framework 
given . 


We  can  discuss  four  aspects  of  the  paper.  They 
are  the  mathematical  formulation  and  proofs,  the  economic 
relevance  of  the  work,  the  logistic  and  operational  appli- 
cations, and  the  problems  of  computation  and  the  posslbilit 
of  obtaining  data. 

The  transportation  problem,  as  presented,  has 
been  a skillful  formulation  of  various  aspects  of  trans- 
portation as  a minimization  of  a linear  form,  subject  to 
various  constraints* 

It  i3  of  interest  to  note  that  although  the  work 
has  been  presented  from  the  point  of  view  of  programming  01 
activity  analysis,  much  work  has  been  done  on  a very  close] 
allied  problem,  looked  at  from  the  point  of  view  of  gecmetr 
In  fact,  there  is  a fairly  classical  problem,  I believe, 
first  formulated  by  Gauss  many  years  ago,  which  is  now 
known  as  the  Traveling  Salesman  Problem.  I hope  that  after 
my  comments.  Professor  Menger  may  mention  some  of  the  work 
done  on  this  problem. 

As  far  a3  the  economic  relevance  of  this  pro- 
gramming work  is  concerned,  Koopmans  has  already  pointed 
out  the  analogy  between  the  shadow  pricing  system  that  we 
can  obtain  from  this  sort  of  model,  and  the  pricing  system 
that  would  exist  in  a competitive  industry.  He  has 
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even  pointed  out  that  he  thinks  that  the  tramp  steamer  in- 
dustry of  the  Twenties  actually  provided  a realistic  example. 

I do  not  wish  to  pursue  this  aspect  any  further. 

The  third  point  I believe  is  of  the  most  interest 
to  us  here  --  that  Is,  logistics  and  operational  applications. 

The  last  war,  and  the  present  situation  in  Korea  , 
and  for  that  matter,  all  over  the  world,  have  brought  up  prob- 
lems of  coordination  and  centralized  shipping.  These  problems 
have  been  associated  with  a centralized  body  dealing  with  a 
mission.  Hence  the  models  presented,  vhich  deal  with  supplying 
points,  or  shipping  points,  and  receiving  points,  provide  a 
far  better  model  of  military  or  over-seas  aid  missions  than 
they  do  of  international  trade,  because  with  missions,  much 
of  the  shipping  jls  unidirectional.  With  international  trade 
there  is  the  problem  of  trying  to  get  a pay-load  going  in 
both  directions  at  the  same  time. 

We  have  seen  that  e ^erlence  has  emphasized  the 
importance  of  shipping  limitations,  and  that  maximal  routings 
are  not  Intuitively  obvious.  This  is,  I believe,  why  we  have 
to  go  to  the  level  of  abstraction,  pointed  out  in  the  pro- 
gramming work.  We  can  examine  the  assumptions  and  conditions 
on  the  models  put  forward  by  Professor  Heller.  He  has  uni- 
form shipping  and  one  commodity.  He  introduces  a considera- 
tion of  time  periods . He  allows  the  purchase  and  sales  of 
3hips,  then  considers  a lee -way  in  scheduling  periods.  He 
does  not  put  in  any  limite4  on  on  port  facilities  --  as  Koopmans 
incidentally  does. 

It  is  hard  to  say  how  reasonable  a condition  uni- 
form shipping  is,  at  this  time,  for  an  applieu  model  for  some 
actual  situation.  Possibly  In  studying  a gasoline  or  petroleum 
program,  where  we  have  only  two  or  three  major  ships,  it  would 
not  be  unreasonable  to  enlarge  the  model  to  take  care  of 
these.  However,  it  would  be  difficult. 

The  assumption  of  one  commodity  is  made.  One 
commodity  can  be  interpreted  in  practical  terms  as  the  old 
apples  and  nuts  aggregation  proposition,  arid  could  possibly  be 
looked  at  as  a mission  ton,  if  we  had  a mission.  Then  if  we 
agreed  not  to  look  at  the  results,  we  might  be  able  to  talk 
about  a mission  ton,  and  report  our  deliveries  in  one  aggregated 
figure,  which  we  hope  is  homogeneous. 

So  it  is  possible  that  the  conception  of  one  commodity 
in  Dr.  Heller's  model  is  noc  a bad  limitation  at  the  present 
time.  He  does  introduce  time  periods  explicitly,  and  he  points 
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out  the  cost  of  introducing  time  periods  in  the  way  it 
affects  computation. 

His  bas.iC  model  has  the  nice  property  of  intro- 
ducing ship  purchasing  and  the  possibility  of  getting  rid 
of  ships . 


In  a purely  abstract  model  of  programming,  this 
certainly  is  a very  nice  generalization  of  the  transpor- 
tation problem,  but  we  must  ask  ourselves  where  our 
major  interest  lies,  in  eventual  application.  If  we  are 
interested  in  long  term  planning,  or  in  relatively  short 
term  planning,  I feel  that  many  problems  faced  are  such 
that  the  purchase  and  getting  rid  of  ships  happens  to  be 
a very,  very  heavy  bounding  condition.  Very  often  you 
have  just  got  the  number  of  ships,  and  you  can’t  get  any 
more  ships,  and  the  question  is,  "What  can  you  do  with 
them  at  this  time?" 

Therefore,  although  from  the  point  of  view  of 
formulation,  I find  the  model  very  useful  and  very  stimu- 
lating in  advancing  the  technique  to  take  care  of  some- 
thing that  was  not  done  before,  for  application  purposes, 
I do  not  think  that  this  is  too  vital. 

Dr.  Heller's  last  point  I found  very  interest- 
ing, and  believe  to  be  very  important.  Inat  was  the 
introduction  of  lee-ways  into  the  program,  because,  as 
we  all  know,  if  everything  ran  according  to  the  book,  we 
could  all  pack  up  and  go  home.  It  really  is  the  foul-up 
in  any  system  that  forces  us  to  think  hard.  A3  such,  the 
introduction  of  flexibility  into  a programming  model,  I 
believe,  13  very  desirable,  both  from  the  shipping  and 
from  the  mission  point  of  view.  I would  have  liked  to 
have  seen  Dr.  Heller  go  on  and  develop  a probabilistic 
model,  which  I think  has  much  to  merit  it,  both  from  the 
viewpoint  of  shipping  and  mission. 

I say  this  b cause  when  you  have  the  problem  of 
getting  shipping  across  the  North  Atlantic  or  Pacific  in 
wartime,  you  have  to  add  in  the  question  of  probable  loss 
or  alternate  routes  vs  the  costs.  In  the  war  we  had  an 
example  of  this,  in  deciding  whether  or  not  to  send  con- 
voys via  the  South  Atlantic  route  or  the  North  Atlantic 
route  and  this  was  also  an  economic  problem  that  could 
have  been  phrased,  as  I believe  the  operations  research 
people  did  know  a fair  amount  about  the  probabilities  of 
a ship  being  sunk  in  one  ara  or  another.  Hence,  this 
could  have  been  introduced  explicitly. 
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In  conclusion,  I feel  that  Dr.  Heller’s  model  has 
done  a great  service  in  Introducing  the  lee-way,  and  I do 
hope  he  will  develop  the  probabilistic  model.  I do  net  know 
how  the  computation  of  a useful  problem  would  be.  I think  that 
the  availability  of  data  should  not  be  too  bad,  because  it  has 
been  my  impression  that  the  transportation  problem  offers  one 
of  the  easier  data  gathering  problems  that  we  are  faced  with 
in  Naval  Supply. 

If  we  are  to  regard  activities  analysis  as  a too?, 
of  executive  control,  I think  that  it  will  eventually  be 
..cc 5 scary  ta  be  able  bo  compute  these  various  programs  witnin 
hours,  or  at  most,  within  days.  I believe  that  situations 
change  so  much  that  although  we  may  be  able  to  formulate  prob- 
lems, unless  we  can  compute  Immediately  and  use  the  results 
for  very  short  term  planning,  much  of  the  effect  will  be  swept 
away  by  our  having  a model  that  tells  us  how  we  could  have  been 
right  on  this  plan  or  that  plan  six  months  after  the  plan  has 
become  obsolete. 

So,  all  in  all.  Dr.  Heller  has  offered  us  a formula- 
tion whose  theoretical  framework  and  whose  importance  I believe 
merit  to  be  teste  . empirically  as  soon  as  we  can  get  around  to 
handling  such  si:  »able  quantities  of  data  as  will  be  needed. 

I ha\ t a feeling  that  in  all  of  this  work  the 
mathematical  formulation  can  only  be  tested  against  operations. 
The  mathematical  formulation  may  be  correct,  but  the  proof  of 
the  pudding  will  be  in  the  eating  later. 

I would  now  like  to  turn  to  the  paper  by  Dr.  Hughes. 
Dr.  Hughes  brings  up  many  of  the  practical  problems  involved 
in  estimating  and  gathering  data  for  the  kind  of  transportation 
program  envisaged  in  the  paper  of  Dr.  Heller.  The  problem 
looked  at  by  Dr.  Hughes  is  that  of  finding  what  we  need  in  the 
way  of  tonnage  estimates,  the  mission  aspect  of  Dr.  Heller's 
problem . 


In  Dr.  Hughes'  presentation,  the  old  three-in-one 
problem  of  naval  statistics  comes  up.  That  is,  information, 
accuracy,  and  aggregates.  The  problem  faced  by  all  people  work- 
ing in  programming  is  to  start  with  present  information  --  to 
put  it  in  the  words  of  Old  Bill,  for  wane  of  a better  "ole" 
to  go  to,  they  have  to  examine  it  and  see  what  useful  conclu- 
sions can  be  drawn,  and  then  attempt  gradually  to  improve  it 
and  set  up  adequate  statistical  gathering  procedures. 

Dr.  Hughes  examines  the  average  cube  per  man,  pcx 
month.  As  we  saw,  he  tested  the  two  month  extrapolation  to  3ee 
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how  well  wc  can  guess  next  month’s  tonnage  from  the 
previous  two  months.  He  then  asked,  "What  else  do 
we  have  available  at  the  present  moment  that  we  can 
use  to  Improve  our  methods?"  And  he  talked  about 
the  Information  on  Demand  documents,  number  of  lines, 
priority  dates,  cube  measures.  He  also  mentioned 
other  information,  such  as  cancellations. 

The  problem  of  line  Item  per  cube  measure, 
which  wa3  mentioned,  is  an  old  aggregation  chestnut. 

Dr.  Hughes'  analysis,  and  work  done  by  others, 
including  Mr.  Young,  of  Princeton,  and  Isenberg,  of 
the  Logistics  Research  Laboratory  at  Bayonne,  all  in- 
dicate that  we  just  must  have  finer  breakdowns.  The 
solution  to  obtaining  a finer  breakdown,  as  is  the 
case  with  most  of  these  data  problems,  involves  nuch 
hard  leg  work,  combined  with  fairly  careful  design  of 
statistical  procedures  to  cut  down  the  mountains  of 
work  that  would  otherwise  be  faced. 

To  be  frank,  I think  that  most  people  do  not 
know  whether  or  not  one  should  disaggregate  the  over- 
all line  item  per  cute,  per  toan  measure . 

Possibly  there  are  3ome  people  in  this 
audience  who  have  looked  at  a sufficiency  of  different 
methods  of  trying  to  break  up  the  applet  and  nuts 
problem,  and  do  have  some  very  definite  suggestions 
based  on  a decent  enough  collection  of  data  that  has 
been  analyzed  in  a careful  manner. 

Dr.  Hughes  has  actually  presented  us  with  at 
least  some  analysis  of  the  relationship  between  items 
and  cube  measure.  He  has  pointed  out  that  we  can  use 
estimations  of  cancellation,  distribution  or  priority 
data  on  demand  documents,  to  help  tidy  up  some  of  our 
purely  numerical  guesses  a3  to  what  the  tonnage  is 
going  to  look  like  in  the  next  period.  This  brings 
up  the  question  of  looking  for  aggregative  numbers 
--  in  other  words,  finding  a few  numbers  with  which 

wa  o t*  o nnmnl  ov  d < ' 1 3 1 1 OH 

What  we  are  really  looking  for  is  to  be 
able  to  add  another  set  of  "variable  constants"  to 
the  planner's  bag  of  tricks.  We, of  course,  know 
that  in  any  of  the  figure -gathering  activities  we 
Indulge  in,  the  figures  are  only  as  good  as  the 
bounding  conditions  placed  on  them  --  and  the  bound- 
ing condition:'  change. 
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My  own  experience  seem3  to  indicate  that  great 
care  to  keep  an  accurate  verbal  hiotory  of  changes  in  the 
statement  of  missions,  and  the  status  of  various  supply 
points  and  some  of  the  major  order  trickeries  that  are  tak- 
ing place,  should  go  along  with  any  numerical  work  that  is 
being  done,  because  I do  feel  that  a verbal  report  to  go 
along  with  figure  processing  can  let  you  throw  out  great 
quantities  of  figures  that  are  no  longer  relevant,  and  can 
also  let  you  know  whether  the  establishment  you  are  talking 
about  is  still  the  same  sort  of  animal. 

When  we  look,  for  instance,  at  a supply  depot  at 
two  different  periods  in  its  history,  we  may  be  able  to  say, 
by  gathering  all  the  figures  that  we  have  on  it,  that  it  seems 
to  have  become  vastly  more  efficient,  or  vastly  more  inefficient 
than  it  was  two  or  three  years  previously.  In  the  meantime, 
if  we  had  cared  to  have  gotten  a statement  of  the  change  of 
mission  which  may  still  be  leaving  the  same  volume  of  measure- 
ment tons,  or  something  else,  pouring  through,  at  both  times, 
we  would  have  found  out  that  the  nature  of  the  operation  has 
changed.  Things  such  as  technological  change  in  transporta- 
tion, for  instance,  the  difference  in  the  trucking  industry 
at  the  moment  and  the  trucking  industry  several  years  ago,  may 
have  had  great  effect.  Such  like  bounding  conditions  have  to 
be  tied  in  somewhere  with  any  numerical  analysis  that  we  do. 

It  is  very  easy  to  make  cynical  and  facile  statements 
concerning  lies,  damn  lies,  and  statistics.  The  fault  in 
statistical  analysis  usually  lies  with  the  people  who  try  to 
read  into  figures  things  which  are  simply  not  there,  because 
the  reporting  method  and  the  models  Involved  do  not  account 
for  the  many  qualifications  that  have  to  be  made  before  using. 

I feel  that  Pr.  Hughes  stresses  the  magnitude  and  the  delicacy 
Involved  in  the  statistical  processing  methods. 

I would  like  to  conclude  with  a few  observations  on 
Navy  statistics.  I think  that  in  previous  times  we  lacked 
people  with  the  prerequisite  scientific  training.  By  scientific 
training,  I mean  more  an  attitude  and  a general  approach  than 
ability  to  turn  diagrams  upside  down. 

The  desire  for  a single  number  to  be  the  answer  to 
every  question  has  been  another  bugbear  that  has  Just  got  to 
go  by  the  board.  Admittedly,  at  a high  enough  Command  level 
you  have  to  have  a single  number,  because  there  is  not  time 
to  operate  with  great  arrays,  but  I still  believe  that  it 
would  be  a very  desirable  thing  to  have  pages  on  the  shelf 
that  maybe  never  get  looked  at,  that  contain  the  justifica- 
tions for  that  single  number,  and  the  disaggregations  of  the 
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hundred  or  the  thousand  numbers  that  went  into  getting 
the  one  monster  fudge  factor. 

Another  factor  tied  In  with  t''is  problem,  of 
course,  is  the  sheer  lack  in  mo3t  cases  of  anybody  quoting 
a variance  on  any  figure.  If  you  give  someone  a figure, 
a figure  is  a figure,  and  that  Is  it.  It  is  a good  figure 
Say  it  is  ten.  This  does  not  mean  nine  and  one -half. 

It  does  not  mean  ten  and  one -half.  It  usually  means  some- 
where between  three  and  twenty-five. 

It  has  teen  my  sad  observation  that  there  is  a 
tremendous  lack  of  continuity  in  the  gathering  of  Naval 
statistics.  It  is  hard  to  get  decent  time  series,  and 
sometimes  we  need  decent  time  series.  I believe  it  pays 
to  have  continuous  programs  eolng , rather  than  let  every- 
thing go  to  pieces  for  a nunocr  of  years,  then  put  in  a 
tremendous  gathering  process  whereby  everybody's  files  get 
crammed  for  a couple  of  years  after  which  nobody  can 
remember  why  all  the  work  i3  being  done,  and  everything 
gets  thrown  away  until  the  next  spasmodic  drive. 

I,  for  instance,  find  that  I can,  say,  get  the 
inter-depot  tonnage  figures  from  Clearfield  for  part  of 
19^3,  all  of  1948,  and  some  of  1952.  I just  mention  that 
as  being  rather  an  Interesting  example  of  the  lack  of 
continuity . 

I am  possibly  wrong,  but  it  seems  there  exists 
three  types  of  statistics  in  the  Services.  They  are 
what  I would  call  the  financial  statistics,  'he  Courts 
martial  statistics,  and  the  operational  statistics. 

The  financial  statistics  are  the  ones  that  the 
accountants  and  the  various  other  financial  people  thrust 
upon  us  --  and  they  have  a long  and  an  honorable  history. 
You  can  usually  still  get  information  about  an  extra  ten 
cent3  that  was  spent  in  the  time  of  John  Paul  Jones . The 
statistics  certainly  are  good,  and  certainly  do  provide 
material  whereby  one  can  get  gross  aggregates  3uch  as 
costs  per  ton  of  something,  over  a period.  These  are 
essentially  dead  figures,  ana  frankly,  I do  not  know  how 
useful  they  are  for  good  planning.  However,  they  cer- 
tainly arc  better  than  nothing. 

The  Courts  martial  statistics,  as  I call  them, 
are  not  kept  officially,  but  if  one  goes  around  a depot 
one  usually  finds  that  any  person  who  nas  been  in  a posi- 
tion of  any  Influence  for  some  time  is  keeping  his  own 
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dossier  either  mentally  or  In  a smell  black  book.  I know 
there  are  certain  laws  on  keeping  statistics,  however,  an 
operator  knows  that  some  day,  if  something  goes  wrong,  he  may 
have  to  give  the  real  reason  why  it  went  wrong,  even  though 
his  measurement  ton  for  line  item  figures  were  favorable  on 
that  particular  month.  So  he  often  keeps  good  sets  of  figure s . 

The  other,  and  these  are  the  figures  that  we  are 
essentially  interested  in,  happen  to  be  operational  figures. 
Operational  figures  are  the  figures  that  people  in  various  sub- 
sections have  to  have  if  they  are  going  to  run  their  operation. 
These  are  the  figures  which  occur  in  great  disaggregation  ir. 
every  issue  control,  or  in  any  other  section  you  want  to  men- 
tion, held  by  the  operating  personnel  who  have  to  do  a job 
tomorrow.  These  are  the  figures  that  we  try  to  gather  into 
bigger  reports,  then  put  them  into  even  higher  reports,  and 
hope  to  filter  through  to  the  top  where  the  planners  hope  to 
get  aggregated  figures  in  order  to  be  able  to  work. 

Of  course  it  has  only  been  recently  that  we  have 
tried  to  go  down  to  the  operating  levels  to  see  how  far  we 
can  proceed  with  aggregating  until  we  have  but  few  figures  at 
the  top  reporting  levels,  but  those  few  figures  are  meaning- 
ful. 


I feel  that  cooperation  between  operators,  mathe- 
maticians, statisticians  and  economists  may  eventually  make 
a permanent,  continuing  statistical  processing  organization 
possible  for  the  Navy.  I do  not  think  that  it  can  be  built 
over  night,  and  I think  it  will  take  very  many  years,  but  I 
feel  that  it  has  to  be  done.  I feel  that  we  have  more  linear 
programming  theory  at  the  present  moment  than  we  can  apply, 
although  it  is  certainly  an  obviously  good  thing  to  see  the 
theory  program  go  even  further. 

At  the  present  time  our  major  needs  are  statistics 
and  statistical  processing  techniques,  to  be  able  to  do 
Justice  to  the  activities  analysis  theories  at  our  disposal. 

The  intangibles  in  Navy  planning  will  be  sufficiently 
great  for  many  years  to  come,  that  the  most  that  we  can  hope 
for  is  to  be  able  to  establish  a satisfactory  machinery  which 
is  capable  of  taking  advantage  of  those  aspects  of  the  modern 
supply  system  which  can,  we  hope,  be  reduced  to  objective 
computation . 
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Professor  Menger  explained  that  he  had  not  treated  Dr.  Heller’s 
problem  geometrically,  as  Mr.  Shubik  had  stated  in  hij  discussion. 
Professor  Menger  discussed  the  manner  in  which  we  night  attempt  to 
geometrize  the  tanker  scheduling  problem,  and  compared  the  problem  with 
the  travelling  salesman  problem. 

Professor  Tucker  mentioned  a similar  problem,  the  so-called 
optimal  assignment  problem.  This  problem  had  recently  been  treated  by 
Professor  von  Neumann,  and  shown  by  him  to  be  equivalent  to  a matrix  game: 
problem.  Professor  Tucker  stated  that  problems  of  thi3  general  type  were 
of  interest  from  the  computational  standpoint,  and  asked  Dr.  Hoffman  if 
he,  as  the  authority  on  comparison  of  the  various  well  known  computation 
methods,  would  care  to  make  any  remarks  concerning  them.  And,  finally, 
as  a rejoinder  to  Mr.  Shubik,  Professor  Tucker  asked  if  we  can  have  too 
much  theory. 

Mr.  Shubik  agreed  to  the  value  of  theory.  Dr.  Hoffman  then 
mentioned  that  the  size  of  the  problem  (for  example,  number  of  variables 
and  accuracy  demanded)  would  dictate  the  answer  to  Mr.  Shubik' s question 
if  Dr.  Heller's  problem  could  be  attacked  effectively  by  modem  computing 
machinery.  In  response  to  questions  of  Dr.  Tompkins  and  Dr.  Hughes, 

Dr.  Hofftoan  did  state  that  the  general  computational  methods  available 
did  apply  to  Dr.  Heller's  problem. 

Dr.  Hoffman  stated  that  two  trends  of  computing  in  the  field 
of  linear  prograwiUig  exist:  one,  the  development  of  methods  which  are 

applicable  to  general  problems;  the  other,  the  development  of  special 
methods  tailored  to  the  efficient  solution  of  special,  important  problems. 
In  thi3  connection,  he  pointed  out  the  difference  between  the  Simplex  and 
the  Double-description  methods,  the  former  having  proven  reasonably 
outstanding  for  pure  linear  programming  computations;  the  latter  being 
superior  if  one  wishes  to  obtain  the  set  of  all  solutions  to  a set  of 
linear  equalities. 

The  remaining  discussion  of  Dr.  Heller's  paper,  by  Dr.  Heller, 
Mr.  Shubik,  Professor  Morgenstem  and  Dr.  Tompkins,  centered  about 
mathematic  details  of  the  paper,  for  example,  the  artifice  of  "source'1 
and 'kink s"  for  ships,  the  realism  of  the  model  and  the  existence  of 
statistical  data  in  the  Navy's  records.  With  regard  to  the  last  point. 

Dr.  Tompkins  felt  he  could  paint  a rosier  picture  than  that  envisaged 
by  Mr.  Shubik  by  mentioning  the  Navy's  comprehensive  fuel  consumption 
data,  the  data  which  had  been  available  to  Admiral  Denebrink,  as 
COMSERVPAC,  as  illustrated  bv  his  charts  and  the  cxrrent  material  consump- 
tion data  of  the  Logistics  Research  Project.  With  respect  to  the  realism 
of  the  mcdel.  Dr.  Heller  stated  that  it  had  resulted  from  about  l£  years 
experience  with  an  actual  problem,  the  number  of  tankers  involved  and  the 
general  condition  being  such  that  the  model  appeared  to  be  applicable. 

The  discussion  was  turned  to  Dr.  Hughes'  paper  by  questions  of 
Commander  Bennett.  Commander  Bennett  inquired  if  anyone  would  care  to 
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comment  on  the  utility  of  the  measurement  ton  per  mar.  per  monih  type  of 
long  range  planning,  and  the  effect  of  varying  lead  times,  as  applicable 
to  material  not-in-stock,  ov  the  short-range  planning  required  for 
effective  immediate  operations. 

Dr.  Hughes  explained  that  the  key  purpose  of  his  paper  was 
to  treat  the  question  raised  by  Commander  Bennett  concerning  the  short- 
range  forecasts.  VJhiie  he  had  not  suggested  a specific,  complete  method 
to  be  followed,  he  hoped  he  had  at  least  pointed  to  the  highway  to 
follow.  The  combined  use  of  past  trends,  exact  or  statistical  informa- 
tion as  to  method  of  shipment,  date  of  arrival  at  tidewater  and  weight 
and  cube  data— all  this  information  being  assembled  and  interpreted  for 
each  item— would  seem  to  provide  a basis  of  forecasting  shipping  require- 
ments with  a good  chance  of  being  accurate. 

Admiral  Eccles  discussed  the  assumption  that  movement  of  Naval 
vessels  in  wartime  is  predictable,  and  he  sold  about  the  problems 
associated  with  fleet  freight.  There  is  : school  of  thought  amoung 
Naval  Officers  that  in  tine  of  war  shipment  of  fleet  freight  must  be 
stopped  and  individual  requisitioning  from  shins  outside  the  continental 
limits  be  therefore  bamed.  The  disposition  of  the  fleet-freight  concept 
may  have  a profound  effect  on  certain  shipping  plans  and  may  affect  the 
question  of  the  unit  load. 

Ur.  Hughes  stated  that  discontinuance  of  fleet  freight,  and 
individual  requisitioning  by  ships  outside  the  continental  limits, 
would  simplify  the  problem  of  estimation  and  forecasting  of  tidewater 
shipping  requirements,  because  then  the  demand  documents  would  originate 
at  Bureau  or  Staff  level,  where  presumably,  there  would  exist  complete 
knowledge.  Furthermore,  use  of  unit  loads  would  also  tend  to  facilitate 
forecasting  of  requirements.  In  fact.  Dr.  Hughes  thought  that  such 
changes  could  only  improve  the  situation  considered  in  his  paper,  and, 
therefore,  tend  to  make  more  accurate  the  estimations  or  forecasting  he 
had  discussad. 


Dr.  Hughes  closed  his  remarks  during  the  discussion  period 
with  a statement  of  the  need  for  an  overall  evaluation  of  record- 
keeping  systems  of  the  Navy,  taking  into  account  the  value  of  records 
not  only  for  operational  purposes,  but  also  for  control,  which  he  felt, 
implied  research  purposes. 


INTRODUCTION  TO  THURSDAY  SESSION  ON 
THEORY  OF  GAMES 
by 

Chairman  Professor  Oskar  Morr^en3tem 
Princeton  University 

Ladies  and  gentlemen,  this  opens  the  la3t  day  of  the 
conference,  and  we  are  turning  to  a new  topic  entitled,  "Theory  of 
Qames::.  Of  course,  by  this  is  meant  "games  of  strategy".  I might 
mention  the  first  person  who  had  a clear  notion  of  what  games  of 
strategy  are,  and  that  they  exist,  and  that  a theory  could  be  made  of 
them,  and  such  a theory  would  be  most  interesting,  and  furthermore  such 
a theory  would  be  an  excellent  model  for  social,  economic,  and  military 
situations  and  conditions.  That  was  Leibnitz,  the  German  philosopher 
and  mathematician,  tho  wrote  about  games  in  1710.  He  ever*  had  a clear 
idea  that  there  is  such  a thing  as  pure  strategy,  and  he  actually  con- 
tributed something  to  the  solution  of  a particular  problem  with  this 
idea  of  a pure  strategy. 

Furthermore,  Leibnitz  even  went  so  far  as  to  see  that  games 
of  strategy  might  be  used  for  the  construction  of  a maneuver  board  of 
a fleet.  That  is  rather  interesting.  And  another  notion  he  liad,  all 
in  the  same  paper— so  you  see  it  is  quite  packed  with  information— was 
that  the  situation  of  a statistician  vis  a vis  nature  corresponds  to 
that  of  a game  of  strategy,  an  idea  vhich  has  been  developed  by  A.  Wald. 
The  real  step  in  game  theory  was  taken  by  the  establishment  of  the 
min  iulx  theorem  by  John  von  Neumann,  who  is  the  originator  of  the  theory 
of  games  of  strategy,  and  who  has  developed  it.  However,  since  the  main 
work — his  first  paper  was  in  1928,  and  then  his  book,  "The  Theory  of 
Games  and  Economic  Behavior"— appeared  in  19U1»  much  other  work  has  been 
done.  The  whole  spectrum  of  the  works  can  be  saen  in  the  two  volumes 
entitled,  "Contributions  to  the  Theory  of  Games",  Volume  One,  in  1950, 
and  Volvme  II  in  1953,  edited  by  Professors  Kuhn  and  Tucker. 

Today  we  will  hear  first  from  Professor  Kuhn,  who  has  made 
a personal  sacrifice  by  leaving  his  home  at  U:00  o'clock  this  morning  ii 
order  to  get  hers  from  Bryn  Mawr  Collegs.  We  are  very  pleased  to  have 
him  talk  on  "The  Solution  of  Games  by  Behavior  Strategies". 


Dr.  Kuhn 
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THE  SOLUTION  OF  GAMES  BY  BEHAVIOR  STRATEGIES* 

by 

H«  W.  Kuhn 
Bryn  Mawr  College 

(NOTE i In  addition  to  the  computational  problems  discussed  In 
this  paper,  an  attempt  has  been  made  to  provide  an  informal  introduction 
to  the  concepts  and  technical  terminology  of  games  in  extensive  form. 
Accordingly,  mt  cxpOolticnaj.  appendix  is  provided  for  those  readers  new 
to  this  subject.) 

INTRODUCTION 


The  process  of  normalisation,  in  the  sense  of  von  Neumann  and 
Korgenstero,  replaces  an  arbitrary  finite  zero-sum  two-person  game  by  a 
matrix  game  with  the  following  rules: 

(1)  Player  A chooses  an  integer  i from  the 
set  1,  «•«,  s « 

(2)  Player  B,  in  ignorance  of  A ' s choice, 
chooses  an  integer  j from  the  set  1,  . ..,  t . 

(3)  Player  B pays  player  A the  amount  a . 


In  this  normalization,  each  row  i of  the  game  matrix  corresponds  to  a 
pure  strategy  for  A,  each  column  j corresponds  to  a pure  strategy  for 
B,  and  the  payoff  a^  is  defined  to  be  the  expected  p-iyoff  to  A if  the 
players  use  these  strategies  in  the  original  game  as  defined  by  its 
rules. 


*The  preparation  of  thi s paper  was  sponsored  by  the  Oc  N.  R. 


L 
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I would  like  to  pixjpose  a new  matrix  form,  called  a spHt  matrix 
game,  for  an  arbitrary  finite  aero-sun  two-person  game  that  represents 
such  a gane  by  a prototype  with  the  following  rules: 

(1)  A chance  device  C chooses  ar.  ordered  pair  of 
integers  (k,  %)  where  k - 1,  ...,  S , and  1,  T . 

The  ST  possible  pairs  are  equally  likely. 

(2)  Player  A,  informed  of  k only,  chooses  an  integer 
i from  the  set  1,  ...,  s^  . 

(3)  Player  B,  informed  of  % only,  chooses  an  integer 

j from  the  set  1,  ty  . 

(L)  Player  B pays  player  A the  amount  STa  . 

The  advantages  of  the  split  matrix  form,  as  will  be  developed  in  the 
following,  derive  from  the  possibility  of  a direct  application  of 
behavior  strategies  to  the  matrix  to  yield  a bilinear  form  to  v-dch 
the  customary  computational  procedures  can  be  applied.  The  particular 
computational  method  examined  13  that  of  "fictitous  play41  as  developed 
by  Oeorge  Brown, 

To  show  how  the  matrix  entries  of  the  split  matrix  game  are 
defined  in  terms  of  the  given  game  in  extensive  form,  it  is  necessary 
to  use  some  of  the  technical  terminology  of  extensive  games.  This  is 
done  in  what  seems  to  be  the  most  painless  manner  in  Section  1 by 
reducing  an  example  of  an  extensive  game  to  the  split  matrix  form. 

This  is  done  with  full  recognition  of  the  risk  of  exposing  the  essential 
simplicity  of  the  whole  idea  that  might  be  concealed  in  a more  general 
context  and  with  the  full  mathematical  symbolism.  In  Section  2 the 
application  of  behavior  strategies  and  the  method  of  fictitous  play  is 
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made  to  split  matrix  games  with  a computational  example,  while  in 
Section  3 the  possibilities  of  the  general  application  of  the  split 
matrix  form  are  discussed. 

1.  AN  EXAMPLE 

The  game  to  be  reduced  to  split  matrix  form  in  thiu  section  is 
called  Simplified  Poker;  it  is  Example  3 in  the  Appendix  and  the  notation 
in  the  following  refers  to  the  figure  to  be  found  there.  Every  instance 
in  which  this  game  is  played  from  beginning  to  end,  a play  in  game 
parlance,  starts  with  a chance  event  (labeled  C^)  at  viiich  one  of  six 
equally  likely  alternatives  is  chosen  and  continues  cut  along  a path  ♦ „ 
its  end.  The  possible  occasions  of  something  happening  in  this  game  are 
called  positions  and  are  represented  by  vertices.  They  are  of  three 
possible  types  with  the  chance  event  Just  mentioned  comprising  the  first 
type.  Secondly,  there  are  the  personal  moves  in  thich  the  rules  * squire 
a player  to  choose  one  from  a number  of  alternatives.  We  label  moves  for 
A by  ...,  Ag  and  moves  for  B by  B1,  ...,  B^»  Finally,  there  are  the 
play-ends  where  the  rules  of  the  game  terminate  the  play  and  specify  the 
payoff  to  the  players.  In  accordance  with  the  usual  convention  for  xero- 
sum  two-person  games,  where  what  one  person  wins  the  other  loses,  we 
label  each  play-end  with  th6  amount  that  B pays  to  A.  Finally,  this  game 
does  not  have  perfect  information  in  that  a player  is  not  always  complete! 
informed  of  the  precise  course  of  play  preceding  each  of  his  moves.  This 
is  a common  enough  phenomenon  in  card  games  where  a player  is  seldom 
informed  of  the  exact  outcome  of  the  deal.  We  can  add  these  data  to  our 
diagram  through  the  medium  of  information  sets  containing  moves  for  a 
player  that  seem  identical  to  him  according  to  the  information  at  his 
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disposal,  while  moves  in  different  information  sets  can  be  distinguished. 
We  denote  information  sets  for  A by  them  off  by 

enclosing  their  moves  ir.  dotted  curves,  in  like  manner,  information  sets 


for  B are  denoted  by 


and 


Notice  that  all  of  the  moves  in  an 
information  set  must  have  the  same  number  of  alternatives,  since  otherwise 
a player  could  distinguish  between  moves  with  a different  number  of 
alternatives.  Moreover,  it  is  important  to  realise  that  he  is  presented 
with  one  set  of  alternatives  at  an  information  set  although  the  effect  of 
the  choice  of  an  alternative  will  differ  according  to  the  move  that  is 
actually  occuring.  A useful  convention  is  to  index  the  alternatives  at  a 
move  in  counter-clockwise  order  around  that  move.  This  completes  the 
description  of  the  game. 

Since  the  representation  of  a game  by  such  a "ame  tree  may  be 
unfamiliar,  we  will  state  explicitly  how  it  is  played  in  this  form.  Each 
player  is  assumed  to  know  the  rules  of  the  game,  that  is,  to  have  a copy  of 
the  game  tree.  All  plays  start  at  C^.  At  this  chance  event,  an  alternative 
is  chosen  in  accordance  with  the  given  probabilities  (say  by  throwing  a 
single  die,  then  choosing  the  alternative  that  corresponds  to  the  face 
that  appears).  If  the  play  thus  progresses  to  the  move  B^,  then  player  B 
is  informed  that  he  is  information  set  8 ^ and  asked  to  choose  alternative 
1 or  2.  If  the  alternative  chosen  is  1 then  the  play  progresses  to  A^  and 
player  A is  given  a choice,  told  only  that  he  is  information  set  If  he 

chooses  alternative  2,  thai.  we  reach  the  play-end  of  this  play  which  is 
labeled  with  -1  which  means  that  A is  to  pay  one  unit  to  B. 

We  are  now  in  a position  to  describe  the  von  Neumann  and 
Korgenstem  normalisation  which  is  accomplished  through  the  introduction 
of  pure  strategies  for  the  players.  A pure  strategy  for  A consists  of  a 
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combined  choice  of  one  alternative  for  each  .situation  that  might  confront 
him,  that  is,  of  one  alternative  for  each  of  his  information  sets*  Thus, 

a possible  pure  strategy  for  A is  the  choice  of  1 on  of  2 on  Q^, 

and  ox  1 on  Qy  We  would  denote  this  by  « = ll,2,l)  , In  like  manner, 

a possible  pure  strategy  for  B is  the  choice  of  2 on  and  of  1 on 

denoted  by  0 = [2,1]  , With  these  pure  strategies,  it  is  a simple 
matter  to  calculate  ihu  probability  that  each  play-end  vill  occur  and 
hence  the  expected  payoff  to  A.  This  achieves  the  von  Neumann  and 
Morgenstein  normalized  fora  of  this  game;  we  merely  list  the  pure 
strategies  for  A and  B as  the  rows  and  columns  of  a matrix,  then 
calculate  the  expected  payoff  for  each  pair  to  obtain  the  game  matrix, 
which  is  given  below. 


GAME  MATRIX 

FOR  SIM  FLUTED 

PCKER 

[1,11 

Cl,2] 

[2,1] 

[2,2] 

[1,1,13 

-1/6 

1/6 

-1/3 

0 

(1,1,2) 

-1/6 

1/3 

-1/2 

0 

[1,2,11 

-1/2 

-1/6 

-1  !C 

1/6 

[1,2,2] 

-1/2 

0 

-1/3 

1/6 

[2,1,1] 

1/6 

0 

0 

-1/6 

[2,1,2] 

1/6 

1/6 

-1/6 

-1/6 

[2,2,1] 

-1/6 

-1/3 

1/6 

0 

[2,2,2] 

-1/6 

-1/6 

0 

0 

To  obtain  the  split  matrix  form  of  this  game  we  must  introduce 
mixed  strategies.  A mixed  strategy  for  player  A is  an  assignment  of  a 
probability  to  each  of  his  pure  strstegies,  and  thus  is  a vector 
~ (x [1,1,1] , ...,  XI?, 2, 2]) 
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with  tight  non-negative  components  x(s]  that  turn  to  one.  In  like 
manner,  a mixed  strategy  for  B is  a Tee tor 

Is  (y&,tf,  ytMJ,  yu,i5,  y»,2J) 

with  four  non- negative  components  y (9)  that  sum  to  one*  In  each  play 
of  the  game  a player  will  choose  his  pure  strategy  according  to  the 
probability  distribution  thus  defined*  The  expected  payoff  is  then  easily 
calculated  from  the  game  matrix  as 

«?p  *MyUtf*e0  . 


However,  if  we  go  bade  to  the  game  tree  to  calculate  this  payoff  rather 
than  taking  it  from  the  game  matrix,  an  Interesting  fact  emerges.  The 
payoff  is  just  the  sum 

Z I *WyWy(E)h(E) 

E<i0 

where  pap(E)  is  the  probability  that  the  play-end  E oecurs  if  the 
player 8 use  the  pure  strategies  « end  9 and  h(E)  is  the  amount  that 
B pays  A if  the  play-end  E occurs.  Directing  our  attention  to  the  terms 
of  this  sum  corresponding  to  s given  play-end,  we  find  that  the  occurrence 
or  non-occurrence  of  that  play-end  depends  upon  the  choices  of  A and  B st 
no  more  than  one  information  set.  That  la,  exactly  those  pure  strategies 
for  A that  choose  the  unique  alternative  for  A on  the  paay  and  those  pure 
strategies  for  8 that  choose  the  unique  alternative  for  B on  the  play  (if 
any)  appear  in  the  sun.  Thus,  if  we  make  the  substitutions 

(k  * 1,  2,  3,  i « 1,  2) 


q(*,U  * xU^i^l^J 

r (j(, j]  - l yUjjjjJ 
^=3 


(X  =*  ls  2*  j = 1,  2) 


we  find  that  the  payoff  is  bilinear  in  these  variables.  Kct^oe  that 

q(k,l)  measures  the  probability  that  A will  use  a pure  strategy  ihit 
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chooses  alternative  i on  his  information  set 


A 


and  r[£,j]  measures 


the  probability  that  B will  use  a pure  strategy  that  chooses  j on  his 


information  set 


a 


In  terras  of  these  variables  the  expected  payoff  is 


-l/3q[l,l]  - l/3qtI,2J  - 1/3<I[2,13  - l/6q[2,2]  + l/6qD,l]  ♦ l/6r[l,2] 
-l/3qtl,Ur[2,l]  ♦ l/6q[l,l]r[2,2]  ♦ l/3q[2,l] r[l,l]  - l/6q[2,2]r  [l,l] 
♦l/3ql3,2lrll,l]  ♦ l/6q[3,2lr[2,2l  ♦ l/3q[3,llr  (2,l1  ♦ l/6q[3,llr[2,2l. 
We  can  fill  out  the  "short"  terms  that  are  missing  a variable  q[k,j]  or 
r[/,JJ  by  using  the  fact  that 


2 q[k,i]  ~ 1 and  £ rl/,j]  = 1 • 
i i 


By  using  these  devices  consistently,  we  obtain  as  the  expected  payoff 
-l/3q (1,11  r (2,13  ♦ l/6qtl,l]r[2,2]  - l/6q[2,l]rll,2] 
-l/3q[2,2]r[l,l)  ♦ l/6qD,l]r[2,l]  + l/6q[3,2]r [l,l]  . 

This  information  can  be  given  by  the  following  matrix: 


SPLIT 

GAME  MATRIX 

FOR  SIMPLIFIED 

POKER 

[1,1] 

[1,2] 

[2,ll 

f 2,2l 

0 

0 

-1/3 

1/6 

ll,2l 

0 

0 

0 

0 

f2,x) 

0 

-1/6 

0 

0 

[2,21 

-1/3 

0 

0 

0 

l3,ll 

0 

0 

1/6 

0 

13,21 

ye 

0 

0 

0 

This  is  the  split  matrix  form  announced  in  the  introduction;  the  rules 
of  this  normalized  form  are: 

(1)  A chance  device  C chooses  an  ordered  pair  (k,/) 
where  k =1,  2,  3 ar.d  X ~ 1,  2 , Each  pair  occurs  vdth 
probability  i/6  • 
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(2)  Player  A,  informed  of  k only,  chooses  1 = 1 or  2 . 

(3)  Player  B,  informed  of  X only , chooses  j = 1 or  2 . 

(L)  Player  B pay a player  A the  amount  6«k*  , where  a'^ 

ij  -3 

is  the  matrix  entry  in  the  row  (k,ij  and  the  column 

above* 

Sunmariting  the  results  of  this  section,  we  have  obtained  two 
normalized  forms  for  the  given  game  in  extensive  form.,  They  are  equivalent 
in  the  strong  sense  that  they  have  the  srtme  set ~ of  pure  strategies  and 
the  same  payoffs.  (The  reMer  should  epp^y  the  defin.  tion  of  pure 
strategies  to  the  above  rules  of  the  split  matrix  game  to  see  that  this 
is  indeed  the  case.)  Comparing  the  two  matrices  one  remarks  iraaediately 
the  simpler  data  of  the  split  game  matrix.  In  a later  section  we  shall 
see  how  this  comes  about  and  give  quantitative  es  nates  of  the 
simplification. 


2.  BEHAVIOR  STRATEGIES  AND  PICTITOUS  PLAY 
A player  in  a game  can  randomize  his  actions  in  one  of  two 
ways:  by  mixed  strategies,  already  described,  or  by  behavior  strategies. 

When  using  behavior  strategies,  rather  than  using  a chance  device  to 
choose  a complete  plan  before  each  play  of  the  game,  a player  uses  a 
chance  device  at  each  information  set  to  decide  which  alternative  to 
play  at  that  information  set.  It  i s my  conviction  that  behavior 
strategies  are  much  closer  to  the  way  people  actually  play  games  than 
are  mixed  strategies.  This  is  clearly  the  case  for  games  such  as  Poker 
or  Gin  Rummy,  where  players  do  rot  formulate  complete  plans,  much  less 
assign  probabilities  to  ccmp'  ete  plans,  but  rather  play  by  intuitive 
rules  that  randomise  at  specific  situations.  No  Pc.  er  player  can  tell 
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With  this  payoff  defined,  we  consider  behavior  strategies  in  the  split 
matrix  sane 


q[k,i]  ~ 2 x(i^,  ...,  i^l  (k  31,  ••«*  Sj  i - 1,  mu  s^) 

(3) 

3 ~ 2 •••>  (X  ~ •••>  Tj  J ~ lj  •••#  ^y) 

^=3  1 1 * 

If  the  players  use  the  behavior  strategies  thus  defined,  the  expected 


payoff  to  A is 


r qft.Urtf.J] 


ww  13 


^ aii  I ^ x ^1*  • • • * 


>)  fe ^ 


= Z ■ttfiXtoJytP) 

« ,3 

and  thus  the  substitutions  (3)  provide  a mapping  of  the  mixed  strategies 
in  the  matrix  game  into  the  behavior  strategies  in  the  split  matrix  game 
that  preserves  the  payoff.  Tie  simplest  way  to  see  that  every  behavior 
strategy  is  obtained  by  this  mapping  is  to  exhibit  an  "inverse13  mapping! 

x[i^,.»»,ig)  ~ Q [1,1^  1 •••  q[S,1^1  for  all  s 3 (i^, 

1 r[l,jO  •••  r CT, for  all  0 3 

In  summary,  to  every  split  matrix  gane  there  is  a corresponding  matrix 
game  defined  by  (2)  such  that  (3)  provides  a many-one  mapping  of  the  mixed 
strategies  in  the  matrix  game  onto  the  behavior  strategies  in  the  split 
matrix  game  that  preserves  the  payoff.  (This  mapping  appeared  with 
different  motivation  in  Section  1.)  This  assures  us  that  the  game  will 
have  a solution  in  behavior  strategies  since  we  know  that  there  is  a 
solution  in  mixed  strategies. 
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Considering  possible  computational  procedures  to  U3e  to  solve  a 
split  matrix  game  with  payoff  given  by  (1),  a method  that  comes  naturally 
to  mind  is  that  of  fictituoua  play  devised  for  matrix  games  by  George 
Brown  and  shown  to  converge  by  Julia  Robinson.  It  iu  motivated  by  the 
observation  that  people  improve  their  strategies  (if  so  they  may  be 
called)  in  actual  play  by  adjusting  to  the  replies  of  their  opponents. 
This  is  translated  into  a computational  technique  as  follows: 


FICTITIOUS  PLAY  IN  A MATRIX  GAME 

The  procedure  is  iterative  and  can  be  started  with  ary  mixed 
strategy  with  components  x^(a]  for  player  A.  If  the  strategy  for  A 
at  the  nth  step  has  components  x^a)  we  let  F be  any  pure 
strategy  for  B such  that 

(5)  iVX6t,)  ' "f'l 

and  define 

ynO)  = (n  - Dy^lBl/n  for  a f F » 
ynRfl  = ((n  - l)yn_itFl  + l)/n  . 

Then,  if  a is  ary  pure  strategy  for  A such  that 


(6) 


(7)  2 «— = max  2 a0gy  (3)  , 

0 afr  a 0 

we  define 


(3) 


Xj^+iUl  = nxnt*)/(n  *1)  for  a / a , 

r [a]  = (nx  HH  ♦ l)/(n  ♦ 1)  . 
n*l  n ' 


The  remarkable  fact  is  that  this  procedure  can  be  carried  out 
equally  well  on  the  split  matrix  form  of  the  game.  Namely,  a pure 
strategy  for  a player  in  a split  matrix  game  is  nothing  more  or  less  than 
the  choice  of  one  index  for  each  block.  If  we  are  searching  for  the  pure 
strategy  that  is  the  best  counter  strategy  to  a given  mixed  strategy  for 
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our  opponent,  we  can  hunt  for  the  beat  counter  index  in  each  block  since 
the  blocks  are  independent  of  each  other  in  the  payoff.  Moreover,  we  can 
record  our  cumulative  strategy  as  a behavior  strategy  due  to  the  equivalence 
established  by  (3)  and  (b)  above.  To  fix  this  procedure  precisely,  we 
give  its  general  formulation  and  then  apply  it  to  the  example  of  Section  1. 


FICTITOUS  PLAY  IN  A SPLIT  MATRIX  GAME 
The  procedure  is  iterative  and  can  be  started  with  any  behavior 
strategy  for  player  A with  components  q^[k,i],  If  the  strategy  for  A at 
the  nth  step  has  components  qn[k,i3  we  choose  J^(n)  such  that: 

yV  yV 

(9)  1 aL2y(n)  qntk,il  = ***  1 aij  <*n[k>il  for  k = 

i,k  X j i,k 

and  define 

r = (n  - l)r  tf,jl/n  for  J / jy(n) 

(10)  n n-I  % 

n)l  = ((n  - ♦ l)/n  . 

Then,  if  i^(n)  is  such  that 

(11)  Z rn(X,Jl  = max  Z ak?  rn(X,j)  for  * = 1,,..,T, 

3 i 3,X 

we  define 

qn+l*k,i^  = + for  1 ^ 

= (nqn^k,1k^n^  * + 

To  make  the  procedure  unambiguous  once  q^[k,il  is  chosen,  we 
choose  i^(n)  and  J^(n)  to  be  the  smallest  indices  satisfying 
(11)  and  (9)  respectively. 


A convenient  arrangement  of  the  computation  is  provided  by  the 
tabular  form: 
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j 

n 

ik(n) 

V 

— n 

V 

n 

[k,i] 

i r 

In  this  arrangement,  the  columns  labeled  (X>  j)  contain  the  cumulative 

sums  n 2 a^  q^[k,i]  while  the  columns  labeled  [k,i]  contain  the 
i,k  J 

k%  — 

cumulative  sums  n 2 a.  r [I'.j]  « The  columns  labeled  v_  and  v 

, y in  n ' — **  n 

J>A 

contain  the  amounts  that  A and  B assure  themselves  when  using  the 
behavior  strategies  at  the  nth  step.  On  1L  we  give  tho  polution  of 
Simplified  Poker  as  an  example  of  this  scheme. 


i 
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COMPUTATION  SCHLME  FOR  SIMPLIFIED  PCKLR 


THE  SOLUTION  OF  GAMES  BY  BEHAVIOR  STRATEGIES 


3.  CONCLUSIONS 

The  motivation  of  this  paper  was  a suggestive  remark  by 
Dr.  Rigby  of  the  Office  of  Naval  Research  (he  takes  no  responsibility  for 
the  paraphrase)i  "Can’t  one  solve  games  by  behavior  strategies  directly 
on  the  game  tree?  Can't  one  apply  some  such  method  as  fictitious  play, 
that  seems  close  to  the  extensive  form  of  a game,  to  the  direct  solution 
by  behavior  strategies?".  The  answer  is  complicated  by  the  fact  that 
certain  games  without  perfect  recall  do  not  have  a solution  in  behavior 
strategies.  Indeed,  it  is  a simple  matter  to  give  au  intrinsic 
characterization  of  the  payoff  function  of  an  arbitrary  n-person  game 
in  terms  of  behavior  strategies.  By  using  the  trick  of  filling  out 
"short"  terms  as  applied  in  Section  1,  it  turns  out  to  be  an  arbitrary 
multilinear  function  defined  on  a cartesian  product  of  simplices,  where 
each  player  controls  the  variables  ranging  over  one  or  more  of  the 
simplicea.  The  result  of  applying  fictitious  play  to  such  a payoff 
function  is  not  known. 

But  what  of  the  split  matrix  form?  It  was  claimed  in  the 
Introduction  that  every  finite  iero»sum  two-person  game  has  such  a 
representation.  However,  it  is  obvious  that  an  arbitrary  game  will  not 
behave  as  nicely  as  Simplified  Poker,  with  no  play  intersecting  more 
than  one  information  set  for  A or  B.  However,  in  general,  we  look  for 
a decomposition  of  the  game  tree  into  sub-trees,  each  containing  the 
initial  position  and  such  that  if  it  contains  one  move  in  an  infoxviation 
set  for  A then  it  contains  the  entire  information  set.  It  is  clear  that 
the  choices  for  A in  two  subtrees  are  independent  and  that  the  subtrees 
can  correspond  to  the  row  blocks  k = 1.  ....  S of  the  split  matrix  form. 
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A decomposition  for  player  B will  give  the  column  blocker  Of  course, 
there  ivr©  many  games  without  such  a decomposition  and  in  which  the  von 
Neumann  and  Morcenstem  normalisation  coincides  with  the  split  matrix 
form  with  S = T = 1 . However,  for  games  with  a chance  move  as  initial 
position  (a  deal,  say)  and  perfect  recall,  the  split  matrix  form  is  the 
natural  form  and  presents  the  following  advantage si 

(I)  The  numher  of  parameters  involved  is  a sum  rather 

than  a product  (for  placer  A,  s ,♦  s ♦ ♦ n.  rather  than 

and  hence,  in  general,  is  much  s?allor.  The 
fictitious  play  scheme  proposed  takes  advantage  cf  this  fact. 

(II)  The  split  matrix  form  admits  a wider  class  of 
solution- preserving  transformations  than  the  von  Neumann  and 
Morgenstem  normal  form.  In  addition  to  the  usual  transformation 
of  changing  the  unit  of  payoff  throughout  the  matrix,  one  can 
add  or  subtract  a constant  amount  from  all  of  the  entries  in  an 
individual  block.  Also  one  may  add  a constant  vector  to  a 
given  ro.i  block  in  a fixed  column  provided  the  same  constant 

is  subtracted  frou  the  entries  of  another  row  block  in  the 
same  column.  The  consistent  use  of  these  devices  reduced 
the  number  of  non- tare  entries  in  Simplified  Poker  considerably 
and  seams  to  give  promise  of  doing  the  same  in  other  games. 
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AFI'e 

1.  >ln  Informal  Glossary  of  T“rms  and  Notation. 

(The  list  of  toms  «r:d  notation  presented  here  is  an  infernal 
introduction  to  the  concepts  and  technical  terminology  of  games  in 
extensive  form.  In  accord  with  the  purpose  and  mode  of  this  presentation, 
the  definitions  are  given  in  the  common  parlance  of  games;  however,  an 
attempt  has  been  made  to  phrase  them  precisely  enough  to  permit  an  easy 
transition  into  mathematical  terms.  For  the  sake  of  notational 
simplicity,  only  tero-sum  two-person  games  have  been  included  in  the 
notation;  however,  the  extension  to  arbitrary  games  is  obvious  and 
without  difficulty.  The  list  breaks  naturally  into  three  groups  of  terms 
corresponding  to  the  definition  and  description  of  a game,  tl.e 
introduction  of  the  concept  of  strategy,  and  the  study  of  the  effect 
of  information  on  the  solut'  _r.  :*  /--«.) 

GAME:  A "gane”  is  the  object  -iefined  by  a set  of  roles  and 

conventions  of  play. 

FLAY:  A "play"  of  a game  is  a particular  instance  in  which  the 

game  is  played  from  beginning  to  end. 

POSITION:  A "position"  is  an  occasion  in  a play;  it  is  defined 

by  (and  may  be  identified  with)  the  sequence  of  actions  preceding  that 
occasion.  An  arbitrary  position  v4  11  be  denoted  by  Z.  Three  types  of 
positions  may  be  distinguished  by  the  rules  of  a game. 

PERSONAL  MOVE:  A "personal  nova"  is  a position  in  which 

the  rules  of  the  game  require  a player  to  choose  one  from  a 
n\»iber  of  alternatives.  Personal  moves  for  players  A and  B will 
be  denoted  by  A 2,  ...  and  B , B^,  ...  respectively. 
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CHANCE  EVENT:  A "chanoe  event"  is  a position  ir.  vhich  the 

rules  of  the  game  specify  the  probabilities  that  a number  of 
alternatives  will  u«  cncs£n  by  a chance  desire.  Chance  events 
will  be  denoted  by  Cj,  Cg,  .... 

PLAY-END:  A "play-end”  is  a position  in  which  the  rules  of 

the  game  terminate  the  play  and  determine  the  payoffs  to  the 
players.  Play-ends  will  be  denoted  by  E^,  E?,  ....  At  the 
play-end  E,  player  A pays  player  B the  amount  h(E). 
INFORMATION  SET:  An  "information  set"  for  player  A (B)  ie  a 

set  of  personal  moves  for  player  A (B)  which  seem  identical  according  to 
the  information  provided  A (B)  by  the  rules  of  the  game,  while  moves  in 
different  information  sets  can  be  distinguished:  All  of  the  moves  in  an 

information  set  have  the  same  nunber  of  alternatives.  No  information 
set  contains  two  moves  on  the  same  play.  Information  sets  for  player  A 
will  be  denoted  by  ...,£?  ; the  information  set  CL„  will  have 

a^  altemativee  indexed  by  a^=  1,  2,  ...,  a^  where  U = 1,  2,  ..»,  m. 
Information  sets  for  player  B will  be  denoted  by 
the  information  set  will  have  b^  alternatives  indexed  by 
— 1,  2|  . «.,  b„  where  v — 1,  2,  . ..,  n# 

GAME  TREE:  A "game  tree"  is  a graphical  representation  of  the 

possible  plays  of  a game.  The  positions  are  represented  by  vertices;  at 
a personal  move  or  a chance  event,  edges  representing  alternatives  branch 
off  to  new  positions.  There  is  a distinguished  position  where  all  plays 
begin  and  information  ssts  are  set  off  by  enclosing  their  moves  in 
dotted  lines. 
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DESCENTF-NTSt  The  "dependents"  of  a position  2 consist  of 
Z ar.d  all  positions  relieving  Z in  acme  j>]  ^v-  the  set  of  all 
descendants  of  Z is  denoted  by  D(Z)  and  those  which  follow  Z by 
tne  Ath  alternative  at  Z by  D(Z;  A). 

RANK?  The  "rank"  of  a position  Z is  the  number  of  choices 
preceding  that  position  and  is  denoted  by  g(Z). 

PURE  STRATEGY t A "pure  strategy"  for  player  A (B)  consists 

of  a combined  choice  of  one  alternative  for  each  situation  that  might 

confront  him,  that  is,  of  one  alternative  for  each  information  set. 

Pure  strategies  for  A will  be  denoted  by  a = la, , . . . , a ] ; pure 

1 m 

strategies  for  B will  be  denoted  by  P = (3^,  . 3^].  The  number 
of  pure  strategies  for  A and  B is  = and 

NV  = b,b„...b  respectively, 

MIXED  STRATEGY i A "mixed  strategy"  for  player  A (B)  is  an 
assignment  of  a probability  to  each  r>,_  n?  « st.rai.Bi/inN.  Tiros,  a 

mixed  strategy  for  A is  a set  of  NA  non-negative  numbers 

...»  which  sum  to  one  vnxle  a mixed  strategy  for  B is  a set 

of  Hg  non-negative  nunbers  ylP^,  . ..,  which  sum  to  nne. 

BEHAVIOR  STRATEOY:  A "behavior  strategy"  for  player  A (B) 
is  an  assignment  of  a set  of  probabilities  to  the  alternatives  in  each  of 
his  information  sets.  Thus,  a behavior  strategy  for  player  A is  a set 
of  a^  ♦ ...  ♦ non-negative  numbers  qCu, au]  where  u = 1,  2,  . ..,  b 
ay  = 1,  2,  ...,  au,  and  q(n,  1]  ♦ qEu,  2]  ♦ ...  + q[u,  a^]  = 1 for  all 
information  sets  A behavior  strategy  for  B is  a set  of 

b^  + m * bn  r.cn-negative  numbers  r [>>,  where  v 1,  2,  ...,  n, 

= 1,  2,  b^,  and  r(w,  l] + r [w,  2}  ♦ ...  ♦ rlv,  b^)  = 1 for 

all  information  eets  $ . 
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PERFECT  INFORMATION:  A game  has  "perfect  information11  if  a 

player  is  always  informed  by  the  r iles  of  the  game  of  the  precise  course 
of  play  preceding  earn  cf  hi  a infomatlon  sets,  that  is,  if  each 
information  set  contains  exactly  one  move. 

EFFECTIVELY  PERFECT  INFC'IIATICMt  A game  has  "eff  actively 
perfect  information"  if  a player  always  Imows  a3J.  the  previous  choices 
of  his  opponent  and  knows  at  least  as  much  as  his  opponent  knew  when 
they  made  those  choices. 

SUBOAKS:  The  descendents  of  a position  Z fora  a "subgame" 

if  all  of  the  players  with  moves  following  Z are  informed  when  Z 
occurs  in  the  play. 

POSSIBLE:  A position  Z is  "possible  when  playing  the  pure 
strategy  « (f?)"  if  « (3)  chooses  all  the  alternatives  for  A(B)  in  the 
course  of  play  preceding  This  is  denoted  by  Z * Poss  o and 
Z « Pom  0 , respectively. 

RELEVANT:  An  information  set  C^)  is  "relevant  when  playing 

the  pure  strategy  a (3)n  if  contains  a move  which  is  possible 

when  playing  a (0).  This  is  denoted  by  e Rel  a and  * Rel  B , 
respectively. 

DEFLATION:  A game  Is  a "deflation"  of  another  gem*  if,  (1) 
they  differ  only  in  the  amount  of  information  given  to  the  players  by 
the  rules,  (2)  the  players  in  the  inflation  are  given  more  information 
than  in  the  original  game,  and  (3)  they  are  given  no  more  information 
than  they  could  have  deduced  through  the  use  of  pure  strategies. 

PERFECT  RECALL:  A game  has  "perfect  recall"  if  a player 

always  knows  all  of  his  previous  choices  and  knows  at  least  as  much  as 


he  knew  when  he  made  those  choices. 
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2*  Illustrations  of  Games  in  Extensive  Fori*. 


EXAMPLE  1.  NM 

*1 


This  i3  a game  with  perfect  information;  the  rules  and 
Bc’utions  of  the  general  game  can  be  found  in  Hardy  and  Wright,  An 
Introduction  to  the  Theory  of  Numbers,  Oxford  (1933).  The  game  tree 
above  shows  the  game  played  with  two  piles  of  two  matches  each  with  A 
to  iitove  first,  with  a vir.  for  A or  B assigned  payoff  i 1. 

EXAMPLE  2.  N-CAKD  OOOPSPIEL 


Cl 
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In  this  game  there  are  three  decics  cf  n-earda,  each  set  labeled 
with  the  numbers  1/  2,  . ..,  n.  Players  A and  B hold  one  set  each, 
and  the  third  is  shuffled  and  placed  face  down.  There  are  n-st ages  to  a 
play  of  this  game;  in  each  stage  the  top  card  of  the  hidden  deck  is 
turned  up,  the  players  bid  simultaneously  by  each  playing  one  of  their 
card??,  ana  tne  player  bidding  the  higher  card  wins  f ran  his  opponent  the 
face  value  of  the  card  turned  up  (if  identical  cards  are  bid  there  is  no 
payoff ). 


The  game  tree  shown  above  represents  2-card  Goof spiel.  It  is 

a game  with  perfect  recall  aid  contains  two  proper  subgames  starting  at 

A-,  and  A,,.  It  is  itsel/  a subgame  cf  n-card  Goof  spiel  for  n > 2. 

— •»  ■— — ■ — 1 ■ 


The  above  game  tree  represents  Simplified  Poker  (see: 
"Simplified  two-person  poker,"  by  H.  W.  Kuhn,  Annals  of  Math.  Study 
No.  Princeton,  1550)  after  the  dominations  have  been  accounted  for. 
"•he  game  starts  at  nhich  is  the  deal.  This  is  a game  with  perfect 

recall  but  has  no  proper  subgames. 
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El  AMPLE  L.  A PARTNER  GAME 


In  this  game,  player  B consists  of  two  agents,  called  the 
Dealer  ard  Partner,  respectively.  Two  cards,  one  marked  "High,"  the 
other  "Low,"  are  dealt  to  the  Dealer  and  player  Aj  the  two  possible 
deals  oc curing  with  equal  probabilities.  The  agent  with  the  High  card 
then  receives  one  dollar  frof.i  the  agent  with  the  Low  card  and  has  the 
alternatives  of  terminating  or  continuing  the  play.  If  the  play 
continues,  the  Partner,  not  knowing  the  nature  of  the  deal,  must  instruct 
the  Dealer  to  change  cards  with  A or  to  hold  his  card.  Again,  the 
holder  of  the  High  card  receives  a dollar  from  the  holder  of  the  Low 
card. 

This  game  does  r.ot  have  perfect  recall  since  the  Partner 
"forgets"  information  made  available  tc  the  Dealer,  As  all  gajr.es 
without  perfect  recall,  this  game  requires  the  use  of  more  than  one 
agent  for  a player. 
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Gerald  Thompson 
Princeton  University 

I would  like  to  begin  by  pointing  out  that  in  a gs  r.c  wiutuuL 
perfect  recall,  il'  one  or  more  of  the  players  does  have  perfect  recall 
then  that  player  or  those  players  can  achieve  the  value  of  the  game  by 
using  behavior  strategies.  The  players  who  do  not  have  perfect  recall 
must  use  either  mixed  or  composite  strategies  (c.f.  "Signaling  strate- 
gies in  n-person  games,"  by  G,  L.  Thompson,  Annals  of  Math,  Study  No, 
28),  Thus  the  computational  advantages  of  behavior  strategies  are 
available  for  those  players  who  have  perfect  recall.  This  remark  may 
be  useful  in  studying  the  new  way  of  normalizing  a game  which  was 
discussed  by  Professor  Kuhn  this  morning. 

Next  I would  like  to  discuss  Professor  Kuhn's  "Problem  A"  as 
stated  in  his  abstract.  This  i3  the  problem  of  finding  the  best 
behavior  strategies  for  players  in  a game.  This  problem  is  particularly 
interesting  if  the  game  has  perfect  recall,  for  then  it  is  equivalent 
to  the  problem  of  finding  optimal  strategies  in  a game.  However,  in  a 
game  in  which  at  least  one  of  the  players  does  not  have  perfect  recall 
these  problems  may  not  be  equivalent.  In  such  a game  there  exists 
assigrments  of  the  payoffs  such  that  the  players  without  perfect  recall 
cannot  achieve  their  maximum  payoff  in  the  game.  In  this  case,  signal- 
ing (ibid.)  is  possible  and  desirable,  so  that  from  a game-theoretic 
point  of  view,  it  is  the  problem  of  signaling  that  is  important. 

On  the  other  hand,  problem  A would  regain  its  game- theoretical 
significance  if  one  were  studying  a game  in  which  the  players  were 
actually  restricted  to  behavior  strategies.  I think  that  the  question 
of  determining  the  allowable  strategy  space  for  players  in  actual  games 
is  one  that  has  been  largely  neglected  so  far,  but  is  one  which  deserves 
serious  consideration.  It  can  happen  that  the  rules  of  the  game 
(written  and  unwritten)  restrict  a player  to  the  use  of  behavior  strate- 
gies, non-convex  subsets  of  pure  strategies,  etc. 

Next  I would  like  to  discuss  the  Poker  Game  example  which 
Professor  Kuhn  mentioned  in  his  talk.  You  will  recall  that  he  had  a 
tree  on  the  board  which  he  said  represented  the  Poker  Game  but  which 
he  also  said  was  not  really  the  rcker  Game  because  he  had  eliminated 
a great  deal  of  the  original  tree  of  Poker.  The  tree  that  he  had  on 
the  board  was  what  might  be  called  the  'essential  core"  of  the  game 
tree  of  Poker. 

Now  this  is  a perfectly  typical  situation  in  game  theory. 

Wiion  a game  is  given  by  its  rules,  that  is  when  it  is  given  in  extensive 
form,  thare  are  numerous  redundancies  and  -ymmetries  present  in  the 
game.  In  many  cases  the  trees  of  the  game  are  so  large  that  it  is 
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virtually  impossible  to  write  then  down,  and  yet  the  game  can  be  under- 
stood and  played.  In  solving  such  a game  one  always  begins.,  as 
Professor  Kuhn  did,  by  removing  as  much  of  the  redundancy  as  one  can, 
and  then  noimallzing  the  game. 

The  problem  of  formalizing  this  procedure  will  occupy  the 
rest  of  this  discussion.  The  work  which  I shall  describe  ha3  been 
done  in  collaboration  with  Dr.  H.  D.  Mills  of  Princeton  University. 

The  most  widely  used  simplifying  operation  is  to  break  the 
game  into  subgames  whenever  possible.  By  this  one  can  either  mean 
subgarae  in  the  sense  vhich  Professor  Kuhn  discussed  this  morning  or 
in  the  sense  of  Dr.  Dalkey.  (Both  of  these  concepts  are  defined  in 
papers  by  the  respective  authors  in  the  Annals  of  Mathematics  Study  No. 
26.)  In  what  follows  we  shall  always  assume  that  we  are  dealing  with 
games  that  have  no  proper  subgaraes. 

The  first  two  typco  of  simplifying  operations  are  what 
might  be  called  "local  decisions".  These  are  decisions  which  are  made 
at  terminal  information  sets  (that  is,  information  sets  that  are 
followed  only  by  plays).  The  decisions  are  local  in  the  sense  that 
they  depend  only  on  the  information  set  and  the  payoffs  of  the  plays 
following  the  information  set.  The  two  types  of  local  situations 
which  I shall  discuss  today  are  illustrated  in  Figure  1. 


2-1  0 0 


Figure  1 

In  Figure  1 (a)  is  illustrated  what  I shall  call  an  immateri- 
al  information  36t.  It  is  a terminal  information  set  U which  has  the 
properly  that  tKe~ choice  of  one  of  the  alternatives  is  uniformly  better 
than  the  other  one  for  the  player  in  question.  In  the  fig-re  it  is 
clear  (assuming  that  the  player  who  controls  the  information  set  is  the 
maximizing  player)  that  the  right-hand  alternative  is  always  better 
than  the  left-hand  one.  Free  the  definition  it  is  clear  that  every  one 
element-  terminal  information  net  is  iicuaterial. 
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In  Figure  1 (b)  is  illustrated  what  I 3hall  call  an 
immaterial  move.  It  is  a move  I in  a terminal  information  set  V 
which  has  the  property  that  all  plays  following  it  have  ideni 3 
payoffs.  It  is  clear  from  the  figuro  that  the  move  X will  noi 
influence  the  strategic  decision  of  the  player  who  control-  the 
information  s et. 

Thu  simplifying  operation  connected  with  immaterial  moves 
and  information  sets  is  to  eliminate  the  plays  following  them  and 
change  the  moves  in  the  information  set,  or  the  immaterial  move, 
into  plays.  The  examples  in  Figure  1 after  each  of  these  operations 
has  been  performed  are  shown  in  Figure  2, 


(*)  (b) 

Figure  2 

It  will  be  noticed  that  in  Fig  ’are  2 (a)  we  have  reduced 
the  number  of  information  sets  for  a player  by  one  and  hence  have 
decreased  the  manner  of  his  pure  strategies.  In  Figure  2 (b)  we  have, 
by  eliminating  the  plays  following  the  immaterial  move,  made  the 
information  set  V immaterial  and  hence  susceptible  to  further 
simplification.  The  latter  event  happens  only  whan,  as  in  our  example, 
the  number  of  moves  in  the  information  set  is  two.  But  it  does  bring 
out  the  fact  that  these  operations  can  be  repeated  several  times. 

We  have,  of  course,  changed  the  game  tree  and,  in  a strictly 
logical  3ense,  now  have  a different  game.  It  is  clear  how  to  obtain 
optimal  strategies  in  the  original  game  once  they  have  been  found  for 
the  reduced  game.  Although  these  operations  are  ubvii.uo,  ».«  have  found 
that  in  some  games  they  permit  an  enormous  reduction  in  the  size  of 
the  tree. 
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describe 


is  one  that  takes  advantage  of  symmetries  in  the  game.  I shall  call 
it  telescoping,  and  illustrate  it  by  the  exarple  in  Figure  3«  - • 


a ted.  abed 


a b c d 


This  is  it  twe-perse r.  zero- sun  game  with  perfect  recall.  The  letters  a, 
o,  c,  d,  e,  f stand  for  real  numbers,  and  the  symbols  pi  for  proba- 
bilities. It  is  apparent  that  the  game  tree  exhibits  bilateral 
symretry,  the  part  of  the  tree  on  the  left,  of  the  dotted  line  being 
isomorphic  to  the  part  on  the  right.  If  w_  normalize  the  game,  using 
the  behavior  coefficients  as  indicated  we  find  that  the  expectation  cf 
player  I is 


(«  ♦ 0)  [ P^a  - b)  + y (c  - d)J  ♦ ♦ p2(e  + f) 


♦ Y [2p2  d - e - fj  . 


The  important  thing  is  that  the  behavior  coefficients  s and  P always 
appear  together  in  a sum.  It  is  clear  that  any  payoff  which  player  II 
ran  pet  hy  rhoosirg  ot  and  3 , he  can  also  get  if  he  first  sets  a • P 
ar.d  then  chooses  s . In  other  words,  the  extra  parameter  of  freedom 
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is  not  useful  in  increasing  his  payoff.  If  one  computes  the  expecta- 
tion to  player  I in  the  game  shewn  in  Figure  3 (b)  one  sc-  < that  it 
is  identical  to  the  one  obtained  above  with  a = 3 . From  a game- 
thcerctic  point  of  view,  then,  one  can  replace  the  game  of  Figure  3 (*) 
by  the  one  in  Figure  3 (b). 

This  kind  of  symmetry  occurs,  for  example,  in  card  games  in 
which  the  location  of  the  cards  of  small  denomination  does  not  influence 
the  outcome  of  a hand. 

These  operations  by  no  means  exhaust  the  number  of  simplify- 
ing operations  that  can  be  performed  on  trees,  but  they  are  sufficient 
to  solve  some  games  which  are  quite  complicated.  I would  like  to 
devote  the  remainder  of  the  discussion  to  such  a game. 

Let  us  consider  an  eight  card  bridge  game  with  one  suit, 
four  players.  North,  East,  South  and  West,  paired  into  partners  as 
usual.  W6  assume  that  the  shuffling  is  done  by  a chance  device,  that 
there  is  no  bidding  but  otherwise  that  the  rules  of  play  are  a3  in 
ordinary  bridge.  The  payoff  to  East-West  is  the  number  of  tricks 
they  get;  thus,  there  are  three  payoffs,  0,  1 or  2.  The  payoff  to 
North-South  i 3 the  negative  of  this  amount.  We  shall  assume  that 
South  is  declarer,  and  therefore  North  is  dirwy,  and  West  leads. 

In  this  game  there  are  2,5>20  deals,  and  if  you  look  at  the 
game  tree  of  this  game  you  will  find  that  it  is  toe  complicated  to 
write  down.  There  are  an  astronomical  number  of  pure  strategies  for 
each  player,  but  it  is  dear  that  it  is  very  much  simpler  than  the 
ordinary  game  of  contract  bridge,  and  that  a good  bridge  player 
could  easily  play  it  very  well. 

Since  I have  assumed  that  South  is  declarer,  he  will  make 
the  last  play  of  the  first  trick  and,  effectively,  the  last  play  of 
the  game,  since  the  payoff  is  determined  after  the  first  trick.  It 
is  not  hard  to  see  that  all  of  South's  information  sets  are  immaterial 
6inco  the  outcome  of  the  second  trick  depends  only  on  which  pair  has 
the  highest  card  and  not  on  the  location  of  the  highest  card.  Thus 
all  of  South's  information  sets  can  be  removed  from  the  tree  and 
replaced  by  plays  with  suitable  payoffs.  But  the  tree  is  still  too 
large  to  write  down. 

It  is  also  true  that  almost  all  of  East '3  information  sets 
are  immaterial  However,  there  are  situations  in  thich  it  is  not 
true,  and  one  such  is  shown  in  Figure  It  (a). 
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Figure  h 


In  Figure  h (a)  the  symbol  x Stan'- 3 for  a card  smaller  than  10  and  the 
other  symbols  have  their  usual  me  ning.  The  diagram  shows  the  informa- 
tion available  to  East;  trie  arr.  vs  indicate  the  cards  that  were  played 
by  West  and  North;  the  queen  i r North's  hand  is  visible  to  East  since 
North  is  dummy.  Figure  li  (b)  illustrates  East’s  information  set.  (It 
in  assumed  that  all  of  South’s  information  sets  have  been  removed  and 
replaced  by  plays).  The  lack  of  East’s  information  can  be  character- 
ized by  the  lack  of  knowledge  of  the  other  card  in  West’s  hand,  since 
the  other  cards  are  necessarily  in  South's  hand.  From  the  diagram  it 
is  clear  that  the  third  move  in  East's  information  3et  is  immaterial 
and  can  be  removed.  However,  the  modified  information  3et  so  obtained 
is  not  immaterial  and  cannot  be  removed.  This  can  be  called  a quandary 
situation  for  East, 

After  the  rest  of  this  analysis  is  carried  out  for  this  game 

it  is  found  that  there  are  other  quandary  situations  for  East  and  some 

for  North.  It  is  also  found  that  the  game  tree  breaks  up  into  four 
subft antes,  which,  after  telescoping,  become  simple  enough  to  draw  on 
one  sheet  of  paper.  After  all  of  these  reductions  are  carried  out  it 
is  easily  seen  that  the  game  is  strictly  determined  and  the  optimal 
pure  strategies  for  each  player  can  be  obtained. 

It  seems  clear  then  that,  before  one  tries  to  solve  the  game 

either  by  normalizing  in  the  sense  of  Kuhn  or  in  the  sense  of 

von  Neumann  and  Morgens  tern,  one  should  first  carry  out  as  many  simpli- 
fying operations  on  the  tree  as  possible  and  thus  reduce  the  labor  of 
solving  the  game. 
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The  general  discussion  was  largely  concerned  with  the 
role  of  information  in  game  theory.  In  connection  with  the 
signaling  strategies  of  Hr.  Thompson,  Professor  Tucker  pointed 
out  that  (disregarding  Hoyle),  in  order  to  receive  the  value  of 
such  a two-person  7-ero-sum  bridge  game,  the  players  have  to  use 
a chance  device  (concealed  from  their  opponents)  which  they 
each  observe  and  follow  in  order  to  achieve  joint  mixed  strate- 
gies. The  Chairman  referred  to  a forthcoming  KcGra»-!-Lill 
volune  by  John  Williams  of  Rand  entitled  "The  Compleat 
Strategyst",  which  he  described  as  being  a most  satisfactory 
background  source  for  persons  interested  in  game  theory. 


REDUCTION  OF  GAMES  IN  EXTENSIVE  FOFSM 

by 

Dr.  Norman  Dalkey 
The  RAND  Corporation 

Abstract 

A two-person  game  will  be  said  to  be  essentially  reducible 
when  its  matrix  of  outcomes  is  singular,  independently  of  the  specific 
payoff  or  specific  probability  di stributions  at  chance  moves.  A general, 
n-person  game  is  essentially  reducible  when  some  c.tjtoome  matrix  obtained 
by  specifying  strategies  for  all  but  two  players  is  singular  independently 
of  payoff  or  chance-move  probabilities.  A game  will  be  said  to  be 
essentially  reduced  if  it  is  not  essentially  reducible. 

A theorem  is  proved  that  any  game  in  which  one  or  more  players 
has  seme  information  about  previous  moves  by  opponents  is  essentially 
reducible.  In  general,  it  is  not  possible  to  construct  a game  which  is 
essentially  reduced  from  one  which  is  essentially  reducible  solely  by 
equivalence  operations  on  the  infornation  pattern  when  the  game  is 
expressed  as  a tree  in  the  manner  of  Kuhn.  In  many  cases  of  practical 
importance,  however,  this  can  be  done.  The  major  devices  for  reduction 
are  deflation  and  resolving  the  game  into  partial  subgar.es. 

The  notion  of  reduction  involved  here  is  closely  related  to 
behavior  strategies.  It  can  be  proved  that  a necessary  condition  for 
a game  to  be  solvable  in  behavior  strategies  is  that'  the  complete 
inflation  of  the  game  have  perfect  recall.  All  such  games  are 
essentially  reducible;  in  fact,  the  number  of  pure  strategies  for  a 
given  player  in  the  essentially  reduced  form  of  the  game  is  precisely 
one  greater  than  the  minimum  nvjr.be r of  parameters  defining  the  behavior 
strategy  space  for  that  player.  Thus,  the  number  of  independent 
parameters  involved  in  solving  the  game  by  mixed  strategies  is  precisely 
the  same  as  the  number  involved  in  solving  it  by  behavior  strategies. 

This  negates  the  principal  advantage  of  behavior  strategies,  namely  a 
reduction  in  the  size  cf  the  game.  On  the  other  hand,  behavior 
strategies  often  have  the  advantage  tiiat  they  can  be  constructed 
directly  from  the  information  pattern. 

There  is  the  possibility,  as  yet  underuonstrated,  that  a 
more  general  description  of  games  will  permit  complete  reduction  of 
any  game  directly  by  equivalence  operations  on  the  game  structure. 
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by 

L.  S.  Shapley 

My  remarks  will  deal  with  a generalization  of  the  game3  in 
extensive  form  whose  informational  structure  has  just  bev  * discussed 
by  Dr.  Ealkey.  1 am  not  at  present  able  to  give  an  equally  conplste 
account  for  the  wider  class  of  games,  *&ich  I shall  here  call  "posi- 
tional games",  but  I feel  it  would  be  useful  and  illuminating  for 
such  an  analysis  to  be  carried  out. 

A positional  game  differs  from  an  extensive  game  in  one  main 
respect:  tho  graph  of  its  representation  need  not  be  a tree— .l,.e., 

tree  from  closed  circuits.  In  fact,  the  end-points  of  a single  edge 
may  be  the  same,  and  there  may  be  several  edges  running  between  the 
same  pair  of  vertices  Also,  it  is  not  required  that  the  graph  be 
embeddable  in  a plane  (see  the  figures),  and  the  condition  that  the 


graph  be  finite  is  no  longer  important.  To  avoid  ambiguity,  it 
becomes  necessary  to  orient  each  edge.  The  outgoing  edges  from  a 
vertex  represent  the  alternatives  at  that  position.  They  must  be 
numbered  for  identification  purposes  in  seme  definite  way.  Verl  Ices 
having  no  outgoing  edges  are  terminal  positions,  and  have  the  payoffs 
attached  bo  them.  The  unique"Tnltial  TOsiiion,  however,  may  have 
incoming  as  well  as  outgoing  edges.  Tne  possibility  of  infinite  plays 
arises  even  in  a finite  graph;  it  can  be  handled  either  by  assigning 
a definite  payoff  (say,  0 to  all  players)  for  nonteminating  plays,  or 
by  insisting  on  enough  chance  moves  distributed  through  the  graph  to 
ensure  with  probability  1 that  a terminal  position  will  eventually  be 
reecho d . The  information  sets  are  defined  as  in  extensive  games, 
except  that  the  proviso  that  no  play  can  pass  through  the  same  informa- 
tion set  twice  is  dropped.  It  is  not  essential  that  thj  initial 
position  be  the  only  point  in  its  information  set;  the  players  are  of 
course  informed  of  where  the  play  begins,  but  they  do  not  have  to  be 
able  to  find  it  out  whenever  the  initial  position  is  restored. 

A purs  strategy  vill  consist  cf  a ccqucnca  of  choices  on  each 
information  set  of  the  plc.yer  in  question,  insteacfol  a single  choice. 
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In  playing  the  game,  the  first  choice  of  the  sequence  is  used  when  the 
play  arrives  at  an  information  set  for  the  first  time;  if  the  play 
returns  to  that  set,  the  second  choice  is  used,  and  so  on.  Thu3,  it  is 
assumed  that  a player's  agents  in  the  field  can  rount,  but  not  ccsnmunicate. 

In  the  one-peroon  game  illustrated,  tnere  are  two  (indis- 
tinguishable) personal -move  positions,  two  chance-move  positions, 
and  two  terminal  positions;  the  game  begins  at  the  black  dot  on  the  right. 


In  this  case  the  optirrk.1  pure  strategy  can  be  determined  once  the 
probabilities  p, , pg,  Pj,  qi,  qj>#  q^  are  given:  the  player  should  make 

Kl"  his  first  cfioice,  and  choose  "1"  or  "2"  thereafter  depending  on 
whether  it  is  more  likely  that  the  play  is  at  the  right-hand  or  left- 
hand  vertex,  respectively.  In  the  example  below,  however,  there  is  no 
optimum  strategy  if  all  the  probabilities  are  positive,  since  the  longer 
the  player  waits  before  choosing  M1M,  the  more  chance  he  has  of  winning. 
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In  the  two-person  example  below,  there  are  r.o  chance  moves, 
end  an  Infinite  play  is  possible;  nevertheless  the  strategies  which 
produce  it  are  so  dangerous  that  the  value  ascribed  to  tne  infinite 
play  is  immaterial  to  the  solution.  A 50-50  probability  of  the  two 
sequences  (1,  2,  2,  2,  ...)  and  (2,  2,  2,  2,  •••}  is  an  optimal  mixed 
strategy  for  either  player;  it  is  essentially  unique  for  the  3ecohd 
player,  but  not  for  the  first. 


A useful  concept  in  many  applications  is  that  of  stationary 
strategy.  A stationary  pure  strategy  is  one  where  all  the  choices  at 
each  information  set  are  the  samo— so  that  the  player's  agents  do  not 
have  to  count  their  decisions  after  all.  A mixed  strategy  is  stationa 
if  it  has  the  effect  of  making  each  agent  make  his  rhrd  c*  accord’'  ng  to 
the  same  probability  distribution  whenever  the  play  returns  to  his 
information  set.  A stationary  mixed  strategy  is  almost  never  a mixtur 
of  stationary  pure  strategies,  and  conversely  a mixture  of  stationary 
pure  strategies  is  almost  never  stationary  itself.  The  distinction  nu 
be  illustrated  by  the  following  game: 


m n 


Lose 
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Here  no  station?^  pur*  strategy,  or  mixture  of  stationary  pure  stran- 
gles, can  8Ver  win,  while  any  stationary  mixed  strategy  will  win  with 
probability  ?p(l  - p),  where  (p,  1 - p)  is  the  associated  probability 
distribution. 

In  a positional  game  with  perfect  information,  it  can  be 
shown  that  if  there  is  any  .solution,  there  is  a solution  in  stationary 
pure  strategies.  Under  a somewhat  weaker  condition  than  perfect  informa- 
tion, which  in  effect  guarantees  that  information  is  not  too  long 
delayed,  and  is  never  forgotten,  it  can  be  shewn  that  a positional  gana 
can  be  solved  in  stationary  mixed  strategies,  if  it  can  be  solved  at  all, 

A number  of  investigators— among  them,  J,  R,  Isbell,  R,  P, 
Isaacs,  D,  L.  Yarmush,  and  F.,  bellman— are  currently  involved  in  research 
on  infinite  gamee  in  extensive  form,  more  or  less  similar  to  the  type 
that  I have  been  describing.  I make  r.c  claim  of  originality  or  superior- 
ity for  my  particular  formulation  and  choice  of  nomenclature.  So  far  as 
I am  aware,  there  has  been  no  thoroughgoing  analysis  of  equivalence  of 
information  patterns  in  this  field. 


li 


SUNHAJff  OF  QBEWU,  DISCUSSION  OH 
ER.  EALKET'S  PAPER 


The  question  of  solution  of  games  by  the  use  of  cl  c. -'tried 
analogue  machines  wa3  raised.  Professor  Tucker  stated  that  the 
originator  of  the  theory  of  games.  Professor  John  von  Neumann,  had 
given  considerable  attention  to  the  solution  of  games  in  matrix  form 
by  such  a machine.  Csr.es  in  matrix  form  have  a great  deal  of  stability 
and  htve  unique  values.  There  is  never  ary  question  in  them  about 
the  instability  of  the  denominator  vanishing.  Professor  von  Heumain, 
a proponent  of  digital  computing  machines,  ha6  found  the  matrix  game 
one  place  where  good  reasons  for  using  analogue  machines  are  indicated. 

Dr.  Dalkey  pointed  out  that,  except  for  the  rather  intriguing 

feature  in  the  particular  game  under  discussion— the  possible  circular 
groups — such  games  are  represented  by  redundant  trees.  In  other  words, 
one  can  take  any  position  where  two  or  more  alternatives  meet  and  divid* 
that  into  several  positions,  but  that  will  give  him  a tree  where  parts 
will  be  repetitive,  will  be  isomorphic  to  the  other  parts. 

Conversely,  in  many  cases  one  finds  in  the  tree  representation 
isomorphic  elements  of  the  game,  and  such  games,  then  again,  are  repre- 
sentable in  these  forms  where  the  isomorphic  parts  are  represented  by 
single  positions. 

Chess  is  a game  of  that  kind.  In  the  case  of  chess,  there  ar 

many  difforent  ways  in  which  you  can  ;et  to  the  same  position  on  the 

board,  and  you  can  represent  them  either  as  a tree,  where  each  of  the 
different  parts  will  arrive  at  the  same  position,  or  representation  can 
be  made  by  a single  point  as  general  data. 

Chairman  Morgens  tern  closed  the  discussion  with  some  remarks 
on  games  of  pursuit.  These  games  are  of  enormous  interest  and  should 
be  studied  intensively.  Apparently  not  eno>igh  people  arc  interested 
in  these  games  at  present  because  the  simultaneous  application  of 
various  branches  of  mathematics  is  required. 

The  situation  in  a game  of  pursuit  would  be  this,  for  example 
that  there  are  two  sliipe  at  sea,  and  that  one  ship  is  trying  to  capture 
the  other.  Capture  would  be  defined  as  getting  within  gun  range  or 
within  range  of  airplane  attack,  or  as  bringing  the  hunted  ship  near 
the  coast. 


Of  course,  one  has  to  introduce  various  speeds  for  the  ships 
participating,  and  various  kinds  of  information.  He  may  have  to  intro- 
duce ccwmuni cations  in  various  manners  (for  example,  signals  passing, 
which  are  perhaps  to  be  identified  as  being  true  signals  or  fake  signals 
etc « ) • 


In  short,  it  is  easy  to  set  up  very  coiuplicated— in  fact,  too 
complicates— schemes.  Even  the  simplest  schemes  of  this  nature  are  of 
enormous  complexity,  end  games  theory  applies  to  thun  because  they  are 
games — however,  vith  ether  aspects,  because  one  ha3  to  introduce  such 
elements  as  speeds  (for  example,  speeds  of  maneuver).  All  military 
se*  »ice3,  but  particularly  the  Navy  and  the  Air  Force,  should  be 
especially  interested  in  promoting  investigations  along  those  lines. 


ST IMKST'Y  SHARK? 


by 

Chnirn  -a r.  Mo egent  '-err1 

It  la  3:2^1  whI  the  time  t .^?.s  h^re  jaya  that  at  ;>•, *9 
the  erAlrnan  has  to  ■c.'iVf  ju»ran’  • t rka.  I think  they  waulc? 
be  srwevhei  ant '..climactic  J.'  th  ..eee  long , as  they  would 
to  be.  So  *11  I will  4c  is  t , ant  the  various  speakers,  the 
amin  speskers  and  the  .‘.'r>ni.a  \ • cus^srts,  »r>d  ill  t.froae  w^m 

nave  f,al  through  there  tvr  cf  no-c-aHeit  "'-..Vo  ret  teal" 

sessions. 

i tu'vur  . t-;o  m«€tii'Ui  eve.:  \o  lh’,  flees. 


CONCLUDING  REKA.RK3 
by 

The  Gcr.crcl  Chairman,  Dr,  Mina  Rees 

If  Dr,  MorgenBtem*  3 remarks  would  be  anti  climactic,  I cannot 
think  of  any  that  would  be  more  anticlimactic  than  mine, 

I wish  to  express,  not  only  to  the  speakers,  but  to  xhe 
Chairmen  of  the  two  sessions,  the  gratitude  of  all  the  participants 
for  their  excellent  planning  and  presiding  and  participation, 

I should  like  also,  on  behalf  of  the  Office  of  Naval  Research, 
to  thank  particularly  The  George  Washington  University  people  who  have 
been  largely  responsible  for  the  planning  and  carrying  out  of  this 
symposium. 


I mentioned  in  my  opening  remarks  that  one  of  the  great  needs 
in  this  new  logistics  game  is  to  provide  a forum  for  interchanging  of 
opinion  er.d  experiences.  Although  I myself  have  been  rather  heavily 
engaged  in  seme  practical  games  over  in  the  Pentagon  for  the  last  couple 
of  days,  J hear  there  has  been  a lively  exchange  of  opinion,  and  some 
disagreement  expressed  on  the  floor,  and  sometimes  outside,  I think 
this  is  all  to  the  good. 

I want  particularly  to  tnank  our  military  particip-nts.  I 
wonder  if  the  rest  of  the  civilians  feel  as  I do,  that  we  have  learned 
a tremendous  lot  from  what  they  said.  Not  many  are  here,  but  I would 
particularly  like  to  thank  General  Davis,  whose  talk  was  so  stimulating 
and  worth  while. 

On  the  general  fron-  of  providing  a forum  for  interchange  of 
opinion,  I would  like  to  take  this  chance  to  announce  that  the  Office 
of  Naval  Research  plans  to  initiate  a Journal,  probably  some  time  in 
the  Fall,  to  be  called  the  Naval  Research  Logistics  Quarterly,  It  is 
intended  that  this  Journal  should  contain  both  theoretical  and  practical 
articles,  that  the  writers  should  be  drawn  both  free:  the  scientific 
cojwnmity  ar.d  from  the  military  community.  You  are  all  invited  and 
urged  to  submit  articles  for  consideration.  The  Journal  will  be  care- 
fully edited.  We  do  r.ot  guarantee  publication  of  anything.  The 
objective  is  to  provide  a really  adequate  interchange  of  good  work  in 
logistics.  Articles  should  be  sent  to  Code  1*36,  the  Logistics  Branch 
of  the  Office  of  Naval  Research. 

With  these  remarks  I would  like  to  declare  this  session  of  the 
Logistics  Conference  at  an  end,  and  thank  all  the  participants,  both  on 
the  floor  and  on  the  stage. 


